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T  O 

HIS  GRACE  THE 

DUKE  of  NORTHUMBERLAND, 
EARL  PERCY, 

&c.  &c. 

My  Lord, 

Y  T  is  with  peculiar  fatisfa&ion  that  I  dedicate  the  iirfl: 

volume  of  fo  extenlive  a  work,  as  that  of  ‘The. 
Hiftory  of  all  the  Branches  of  Experimental  Philofophy , 
to  a  Nobleman  of  your  Grace’s  known  attachment  to 
the  fciences,  and  one  who  has,  on  fo  many  occaiions, 
diftingu idled  himfelf  by  his  generous  patronage  of  them. 
It  is  for  the  honour  of  any  country,  and  of  any  age, 
in  which  perfons  of  your  rank  and  fortune  chufe  to  ap¬ 
pear  in  that  character. 


No 


/ 


s 


iv  THE  DEDICATION. 

No  branch  of  fcience  Hands  in  fo  much  need  of  the' 
aid  of  the  Great  as  that  which  is  the  fubjedtof  this  work. 
But,  on  the  other  hand,  from  no  branch  of  fcience  do 
they  derive  greater  advantage.  For,  without  that  know- 
ledge  about  which  it  is  converfant,  rank  and  fo?~tune 
would  be  of  little  value  ;  the  elegant  enjoyment  of 
life  being  derived  from  no  other  fource,  than  thofe  arts 
which  owe  their  birth  to  our  acquaintance  with  the 
powers  of  nature . 

By  this  fpecies  of  knowledge  it  is  that  mankind  in 
general  are  capable  of  improving  their  fituatiori  in  the 
world,  making  the  moll  of  every  advantage  it  affords, 
and  obviating  the  inconveniences  to  which  it  is  liable. 
Thefe  ftudies,  alfo,  having  the  works  of  God  for 
their  object,  are  of  eminent  ufe  to  extend  the  views, 
and  enlarge  the  comprehenffon  of  the  human  mind  ; 
by  which  means  the  dignity  of  our  nature  is  increafed, 
and  the  beft  foundation  is  laid  for  our  advancement  in 
intellectual  happinefs. 


As 


THE  DEDICATION. 
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As  the  Englifh  philofophers  have  particularly  diftin- 
guilhed  themfelves  by  their  improvements  in  natural 
knowledge,  your  Grace,  who,  in  a  variety  of  capacities, 
fo  eminently  fupports  the  dignity  of  the  Englifh  nation, 
a dte  peculiarly  in  character,  by  your  patronage  of  that 

v  HP *”'  / 

branch  of  philofophy  for  which  your  country  has  long 
been  famous. 

That  your  Grace  may  long  enjoy  the  exalted  fatis- 
fa&ion  of  promoting  a  fcieuce  fo  truly  worthy  of 
your  tafte,  is  the  fincere  prayer  of, 

My  Lord, 

Your  Grace’s 
Moft  humble,  and 
Moft  obliged  Servant, 


JOSEPH  PRIESTLEY. 
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'  A 

TH  E  Rev.  Sir  William  Anderfon,  Bart, 
of  Kilnwick, 

Rev.  — - Adams,  D.  D.  Slirewfbury. 

E.  Abney,  Efq;  Fellow  Commoner  of  Emanu¬ 
el  College,  Cambridge. 

Jonathan  Acklom,  Efq;  of  Wyfton. 

James  Adair,  Efq;  Lincoln’s  Inn. 

Rev.  John  Aikin,  A.  M.  ProfelTor  of  Divinity 
in  the  Academy  at  Warrington. 

James  Ainflie,  M.  D.  Kendal. 

Mr.  Anderfon  of  Bourtie. 

Thomas  Anfon,  Efq. 

Mr.  Arden,  Teacher  of  Experimental  Philofo- 
phy,  of  Beverley. 

Rev.  Thomas  Aftley,  Prefton. 

B 

His  Grace  the  Duke  of  Buccleugh. 

The  Right  Hon.  the  Earl  of  Befborough. 

The  Right  Hon.  the  Earl  of  Buchan. 

The  Right  Hon.  Lord  Beauchamp 
The  Right  Hon.  Lord  Vifcount  Bolingbroke. 
Sir  Griffith  Boynton,  Bart,  of  Burton  Agnes. 
Mr.  John  Badcock,  of  South  Milton. 

William  Baker,  Efq. 

Mr.  Thomas.  Baker. 

Rev.  Mr.  Barker,  B.D.  Fellow  of  Queen’s  Col¬ 
lege,  Cambridge. 

Mr.  Burrel. 

Thomas  Butterworth  Bayley,  Efq;  of  Hope, 
near  Manchelter. 

- Bayes,  Efq;  of  Clapham. 

Mr.  James  Bell. 

Mr.  John  Bell,  Attorney  at  Law,  Yarmouth. 
R.  H.  A.  Bennett,  Efq;  F.R.S.  two  copies. 
Mr.  James  Benfon. 

Mr.  Jeremiah  Bentham,  Lincoln’s  Inn. 

Mr.  Thomas  Bentley. 

Rev.  Mr.  Bell,  of  Dalton. 

Peter  Birt,  Efq. 

Mr.  Francis  Blackburne. 

Mr.  Thomas  Blackburne,  of  St.  Peter’s  Col¬ 
lege,  Cambridge. 


John  Blayds,  Efq;  Merchant  in  Leeds. 

Mr.  Henry  Prefcott  Blencowe,  of  Queen’s 
College,  Cambridge. 

Mr.  William  Bond. 

The  Old  Book  Society  at  Manchefter. 

Book  Society  at  Taunton. 

The  Book  Club  at  Whitehaven. 

The  Book  Society  at  Yarmouth. 

John  Bollock,  M.  D.  Liverpool. 

Edmond  Bott,  Efq;  Barrilter  at  Law. 

Mr.  John  Bourke. 

William  Bowden,  Efq. 

Mr.  John  Bowles. 

Mr.  William  Boy  of  Sandwich. 

Mr.  Thomas  Bradbury,  Student  in  Medicine, 
near  Huddersfield. 

Thomas  Brand,  Efq;  F.R.S. 

Nathaniel  Braffev,  Efq;  Fellow  Commoner  of 
of  Queen’s  College,  Cambridge. 

Mr.  Edward  Bridges,  A.B.  of  Queen’s  College, 
Cambridge. 

Ifaac  Broadley,  Efq;  of  Hull. 

Mr.  John  Brooks  of  Sheffield. 

- -  Brownrigg,  M.  D.  F.R.S.  of  Ormith- 

waite. 

John  Buchanan,  Efq. 

Mr.  John  Buck,  Merchant,  Bradford. 

Mr.  William  Buck,  Merchant  in  Halifax. 
Frederick  Bull,  Efq. 

Mr.  James  Burgh,  Iflington. 

Edmund  Burke,  Efq. 

W.  Burke,  ATq; 

R.  Burke,  Efq; 

Wadfworth  Bufk,  Efq. 

Ifaac  Buxton,  Efq;  Walthamllow. 

C 

The  Right  Hon.  the  Earl  of  Carlifle. 

The  Right  Hon.  Lord  Charles  Cavendifh. 

The  Right  Hon.  Lord  John  Cavendifh.  , 
The  Right  Hon.  Lord  George  Cavendifh,  jun. 

of  Trinity  College,  Cambridge. 

Le  Marquis  de  Courtauvraux,  Cap.  Col.  des 
Cent  SuifTes  de  la  garde  du  Roy,  honoraire 
de  1’  Academie  Royale  des  Sciences. 

The  Hon.  Henry  Cavendifh. 
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The  Hon.  Henry  Seymour  Conway,  Efqj 
Sir  George  Cayley,  Bart,  of  Brampton. 
Edmund  Calamy,  Efq;  Lincoln’s  Inn, 

John  Canton,  M.  A.  F.R.S. 

Mr.  William  Canton. 

Rev.  Newcome  Cappe  of  York. 

Mr.  John  Carter,  Leeds. 

Ralph  Carr,  Efq;  Dunftan-Hill. 

Mr.  Chaloner. 

Alexander  Champion,  Efq. 

Anthony  Chapman,  Efq. 

Mr.  Charnley,  Neweaftle. 

William  Cholmley,  Efq;  Whitby. 

Mr.  J.  Chorley.  > 

Mr.  John  Chriftian,  of  St.  Peter’s  College, 
Cambridge. 

Mr.  Jofeph  Clark,  Merchant  in  Ipfwich. 

Mr.  Felix  Clay. 

Mr.  James  Clegg,  of  Redivals  near  Bury. 

John  Coape,  Efq. 

Mr.  John  Coates. 

James  Collings,  Efq. 

Daniel  Collyer,  Efq;  Fellow  Commoner  of 
Trinity  Hall,  Cambridge. 

Rev.  Mr.  Conftable  .of  Sigglefthorne. 
Marmaduke  Conftable,  Efq;  ofWafland. 
William  Conftable,  Efq;  of  Burton  Con¬ 
ftable. 

Mr.  Richard  Cooke. 

Mr.  William  Cooke. 

Mr.  Thomas  Prefton  Cooper,  of  Queen’s  Col¬ 
lege,  Cambridge. 

Mr.  Thomas  Cotton. 

John  Courtney,  Efq;  of  Beverley. 

Mr.  James  Cox,  Shoe-lane. 

Henry  Cranke,  Efq. 

Charles  Crawford,  Efq;  Fellow  Commoner  of 
Queen’s  College,  Cambridge. 

William  Creak,  Efq;  Hoddefdon,  Herts. 

Mr.  William  Creighton. 

Stephen  Croft,  jun.  Efq;  of  Stillington. 
Samuel  Crompton,  Efq;  Derby. 

Mr.  Samuel  Crompton,  jun. 

Oliver  Cromwel,  Efq. 

Mr.  Alderman  Crofby. 

James  Crowther,  M.  D.  of  Leeds. 

John  Currer,  Efq;  of  Kildwick-hall. 

Luke  Curry,  Efq;  Hackney. 

. -  Curteis,  Efq;  Martin’s-Lane,  Canon- 

ilreet. 


D 

Captain  Dalton  of  Sleningford  near  Ripon.  . 
William  Danby,  Efq;  of  Swinton. 

Mr.  George  Daniel. 

John  Daniel,  Efq;  Yeovil 
Mr.  Monkhoufe  Davifon 
Rev.  Jofeph  Dawfon,  of  Idle. 

Thomas  Dawfon,  M.  D. 

Mr.  Obadiah  Dawfon,  Merchant  in  Leeds* 

Mr  Dawfon,  Surgeon  at  Sedberg. 

William  Dean,  Efq;  Granby  Row  Dublin, 
Rev.  John  Dean,  Bradford. 

Mr.  John  Delabeare,  of  Queen’s  College, 
Cambridge. 

Ifaac  Delamare,  jun.  Efq; 

G.  Dempfter,  Efq; 

Mr  James  Dier. 

Rev.  John  Difney,  LL.  B.  Vicar  of  Swinderby, 
Lincolnfhire. 

Jeremiah  Dixon,  Efq;  Gledhow  near  Leeds* 

- Dobfon,  M.  D. 

Mr  John  Daniel,  Dreyer. 

Henry  Duncombe,  Efq;  of  Copgrave. 

John  Dunning,  Efq;  Lincoln’s-Inn. 

Samuel  Dyer,  Efq;  F.R.S. 

Mr.  Dyer,  of  St.  John’s  College,  Cambridge; 

E 

Sir  John  Eden,  Bart. 

John  Eades,  Efq;  Walthamftow. 

William  Eden,  Efq; 

Robert  Eden,  Efq;  Governor  of  Maryland. 
Francis  Edmunds,  Efq;  of  Worfpur. 

The  Education  Society  at  Briftol. 

Mr.  John  Elam,  Merchant  in  Leeds. 

Mr.  Emanuel  Elam,  Merchant  in  Leeds. 

Rev.  William  Enfield,  Tutor  in  the  Academy 
at  Warrington. 

Rev.  Caleb  Evans,  Briftol. 

Rev.  Hugh  Evans,  Briftol. 

Mr.  Evanfon,  of  Trinity-Hall,  Cambridge. 
Sidney  Evelyn,  M.  L.  of  Upton-Gray,  Hants. 

F 

The  Right  Hon.  the  Earl  Fitzvvilliam. 

The  Hon.  Charles  Fox,  Efq; 

Sir  Robert  Finley,  Bart.  , 

Rev. 
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Rev.  Hugh  Farmer,  Walthamflow. 

Mr.  Robert  Farrar,  Middle  Moorfields. 

Mr.  JamesFenton,  Leeds. 

Mr.  John  Fenton,  Ditto. 

William  Fenton,  Efq;  of  the  Glafshoufe  near 
Leeds. 

Mr  John  Finch. 

The  Hon.  Richard  Fitzpatrick,  F.fq; 

Thomas  Fletcher,  Efq;  Walthamftow. 

Freeman  Flower,  Efq;  Clapham. 

Caleb  Forrefler,  Jun. 

Rev.  Benjamin  Forfter,  B.  D.  of  Wakefield. 
John  Fothergill,  M.  D. 

George  Fraine,  Efq;  Fellow  Commoner  of 
Bene’t  College,  Cambridge. 

Mr.  James  Franch. 

Benjamin  Franklin,  L.L.D.  F.R.S.  20  copies. 
Stephen  Fuller,  Efq; 

Rev.  Philip  Furneaux,  D.  D. 

G 

Sir  Alexander  Grant,  Bart. 

Sir  Bellingham  Graham,  Bart,  of  Norton  Con¬ 
yers,  near  Ripon. 

Samuel  Gardiner,  Efq;  Woodford,  Eflex. 
Maxwell  Garthfhore,  M.  D. 

Mr.  William  Gafkarth. 

William  John  Glanville,  Efq. 

John  Goodford,  Efq;  of  Yeovil. 

Wilmer  Goflip,  Efq;  of  Upper-Hem  fley. 

Rev.  Mr.  Graham,  of  Netherby,  near  Carlifie. 
Rev.  William  Graham,  Halifax. 

Mr.  James  Green,  Leeds. 

Rev.  Edward  Gregory,  M.  A.  Fellow  and 
Tutor  of  Trinity  Hall,  Cambridge. 

John  Grimfton,  Efq;  of  Kilnwick. 

H 

The  Right  Honourable  the  Earl  of  Hardwick. 
George  Haley,  Efq. 

Rev.  Mr.  Halliday,  Kighley. 

Mr.  Ibbetfon  Hamer  of  Leeds.  ' 

Mr.  Thomas  Harding,  Meath:Street,  Dublin. 

Rev. - Harris,  D.  D. 

Daniel  Harris,  Math.  Mailer  Chrift’s  Hofpi- 
tal,  and  F.R.S. 

William  Harris,  Efq;  of  Caftle-Yard,  London. 
Rev.  Edward  Harwood,  D.  D.  Briftol. 

Walter  Hawkfworth,  Efq;  of  Hawkfworth. 


John  Haygarth,  M.  D.  of  Chefter. 

R.  Hazard,  Efq;  F.R.S. 

William  Heberden,  M.D.  F.R.S. 

Mr.  William  Henley. 

Jofeph  Henry,  Efq;  Henry- Street,  Dublin. 
Mr.  Henry,  Apothecary  in  Manchefter. 

Mrs.  Hewgill,  of  Hornby  Grange. 

Mr.  William  Hey,  Surgeon  in  Leeds. 

Mr.  Hey  wood  of  Trinity-Hall,  Cambridge. 
George  Hill,  Efq;  of  Lincoln’s-Inn. 

Mr.  Thomas  Hill. 

Rev.  Edward  Hitchin,  B.  D. 

William  Hird,  M.D.  of  Leeds. 

Rev.  Philip  Holland,  of  Belton. 

Timothy  Hollis,  Efq;  St.  Mary  Axe. 

Thomas  Hooper,  M.  D.  of  Worcefter. 

Rev.  John  Horne,  M.  A. 

Mr.  Edward  Horton,  of  Queen’s  College, 
Cambridge. 

Beaumont  Hotham,  Efq;  of  Norfolk-Street. 
Rev.  Mr.  Hudfon,  Ledturer  at  the  Pariih- 
Church  in  Halifax. 

Rev.  Mr.  Hughes,  B.  D.  Fellow  of  Queen’s 
College,  Cambridge. 

Jofeph  Hulme,  M.  D.  of  Halifax. 

Mr.  Francis  Hurry,  of  Howden  Pans. 

Mr.  Charles  Hutton,  Teacher  of  Mathema- 
ticks,  Newcaftle. 

J 

John  Jackfon,  Efq; 

John  Jackfon,  Surgeon,  Whitehaven. 

Rev.  Mr.  James,  St.  Bees. 

Rev.  John  Jebb,  D.  D.  late  Fellow  of  St.  Pe¬ 
ter’s  College,  Cambridge. 

— —  Jefferies,  L.L.D. 

Mr.  Edward  Jefferies. 

John  Ingenhoufz,  M.D. 

William  Tuffnell  Jolliffe,  Efq;  ofNun-Monk- 
ton. 

P.  Johnfon,  Efq;  near  Loughborough. 

Mr.  Thomas  Jones,  Surgeon  in  Leeds. 

Rev.  Mr.  Joy,  ofSmeaton. 

Mr.  Richard  Jupp,  Jun. 

K 

Samuel  Kay,  M.  D.  of  Manchefter. 

Mr  Jofeph  Keech. 

Edward  King,  Efq;  F.R.S. 

Rev*  Andrew  Kippis,  D.D. 

Mr. 
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Mr.  John  Kirby. 

Rev.  Samuel  Kirfhaw,  D.D.  Vicar  of  Leeds. 
John  Knott,  Efq. 

L 

Mr.  John  Lane,  of  Queen’s  College,  Cam¬ 
bridge. 

Mr.  Lane,  F.R.S. 

John  Lawrence,  Efq;  Jamaica. 

Mr.  Samuel  Lawrance. 

Thomas  Leach,  Efq;  of  Riddlefden. 

John  Lee,  Efq;  Lincoln’s-Inn,  5  Copies. 

Mr.  Richard  Lee,,  Merchant  in  Leeds. 

John  Lees,  Efq;  of  Platt,  near  Manchefter. 

Sir  Digby  Legard,  Bart,  of  Ganton. 

Henry  Cornwall  Legh,  Efq;  of  High  Legh, 
Chelhire. 

Rev.  George  Legh,  L.L  D.  Vicar  of  Halifax. 
John  Letch,  M.  D.  F.  R.  and  A.  S.  S. 

The  Library  of  Queen’s  College,  Cambridge. 
The  Library  of  Trinity  College,  Cambridge. 
Circulating- Library  in  Manchefter. 

Rev.  Thomas  Lilley,  of  Bingley. 

Mr.  Charles  Lincoln. 

Charles  Lindergreen,  Efq. 

Rev.  Mr.  Lindfey,  of  Catterick. 

Mr.  Jofeph  Littlefear,  Little  Moor-Fields. 
Thomas  Lockhart,  Efq;  of  Lincoln’s-Inn. 
Thomas  Lodge,  Efq;  of  Leeds. 

Mr.  Giles  Lone. 

Beefton  Long,  Efq. 

Mr.  John  Longbottom,  Engineer,  nearBarm- 
by. 

■ -  Longiield,  M.  D.  Corke. 

Rev.  Mr.  Lowthion,  Newcaftle. 

Mr.  James  Lucas,  Surgeon  in  Leeds. 

Thomas  Lucas,  Efq. 

Ralph  Lutton,  Efq;  ofKnapton. 


His  Grace  the  Duke  of  Marlborough. 

The  Right  Honourable  Lord  Mountftuart. 

Sir  Henry  Mainwaring,  Bart,  of  Peover, 
Chelhire. 

Magnes  Morton,  Efq;  of  Nevis. 

Richard  Maitland,  Efq. 

Mr.  Robert  Maitland. 

Dr.  Manning,  Norwich. 

Eaton  Manwaring  Ellerker,  Efq;  of  Rilby. 


Peter  Mainwaring,  MvD.  of  Manchefter. 

Mr.  Richard  Markham,  Merchant  in  Leeds.- 
Jofeph  Martyn,  Efq; 

William  Marwood,  Efq;  of  Bufby. 

Thomas  Maude,  Efq;.  of  Builey. 

Jafper  Mauduit,  Efq. 

William  Mauduit,  Efq. 

Rev.  John  Michell,  B.D.  F.R.S.  Thornhill. 
James  Milnes,  Efq;  Wakefield. 

Mr.  John  Mills. 

Thomas  Milner,  M.  D. 

Jofeph  Milner,  M.  D.  Leeds. 

Mrs.  Montague. 

Mr  T.  Montague, 

Mr.  Samuel  More,  Secretary  to  the  Society 
for  the  encouragement  of  Arts,  Manufac¬ 
tures  and  commerce. 

John  Sawrey  Morrit,  Efq;  of  Rookby. 

John  Morfe,  Efq. 

Mr.  Moulfon,  of  Chefter. 

N 

His  Grace  the  Duke  of  Northumberland. 

Sir  James  Northclift',  Bart,  of  Langton. 
Richard  Neave,  Efq. 

George  Lewis  Newnham,  Efq;  of  Lincoln’s- 
Inn. 

Mr.  James  Newton. 

Rev.  James  Newton,  Briftol. 

Mr  Nicholfon,  Teacher  of  Mathematicks  in 
Wakefield. 

James  Norman,  Efq;  20  copies. 

William  Northey,  Efq;  Fellow  Commoner  of 
Queen’s  College,  Cambridge. 

Mr.  Edward  Nott,  Bookfellerin  Stamford. 
Thomas  Nugent,  L.L.D. 

O 

Mr.  Jofeph  Oates,  Merchant  in  Leeds. 

Mr.  Jofiah  Oates,  Merchant  in  Leeds. 

Mr.  Samuel  Oates,  Merchant  in  Leeds. 

Mr.  Alderman  Oliver. 

Thomas  Oliver,  Efq. 

- Omeara,  Efq;  Fellow  Commoner  of  St. 

Peter’s  College,  Cambridge. 

Mr  John  Orme,  of  Manchefter. 

Humphrey  Brooke  Ofbaldefton,  Efq;  of  Hun- 
manby. 

Rev. - Owen,  D.D.  Redlor  of  St.  Olave- 

Hart- Street.. 
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P 

His  Grace  the  Duke  of  Portland. 

Sir  James  Pennyman,  Bart. 

Rev.  Samuel  Palmer,  Hackney. 

Mr.  Thomas  Fyfhe  Palmer,  A.  B.  Fellow  of 
Queen’s  College,  Cambridge. 

Robert  Parifh,  Efq;  Ipfwich. 

John  Parker,  Efq;  of  Woodthorpe,  near  Shef¬ 
field. 

Mr.  William  Pafhley. 

‘  Mr.  Samuel  Paterfon,  Effex-houfe. 

Mr.  John  Lewis  Poland. 

Edward  Percivall,  Efq. 

Thomas  Percival,  M  D.  F  R.S.  Manchefter. 
Rev.  Thomas  Percy.  D  D.  Chaplain  to  his 
Grace  the  Duke  of  Northumberland. 

J  L.  Petit,  M.D.  F.R.S.  Bloomlbury. 

Mr.  James  Phillips. 

Thomas  Pierce,  Efq;  of  Pierceburg. 

Samuel  Pole,  Efq;  A  B.  Fellow  Commoner  of 
Sidney  College,  Cambridge. 

Nathaniel  Polhill,  Efq. 

Mr.  William  Pooley. 

Rev.  Michael  Pope. 

Rev.  Mr  Pope,  of  Stand,  near  Mancheder. 

J.  Pratvil,  Efq;  of  the  Guards. 

Rev.  Mr.  Predon,  M  A.  Fellow  of  Queen’s 
College,  Cambridge. 

Rev.  Richard  Price,  D.D  F.R.S, 

Mr.  Jofeph  Priedley,  of  Halifax. 

Mr.  John  Priedley,  Merchant,  Field-head. 
William  Prior,  D  D. 

Mr.  Henry  Purrier. 

R 

The  mod  noble  the  Marquis  of  Rockingham. 
Sir  John  Ruffel,  Bart. 

Rev.  E.  Radcliffe,  Walthamdow. 

Rev.  John  Ralph,  of  Halifax. 

Mr.  Milnes  Rayner,  Leeds. 
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IN  order  to  facilitate  the  advancement  of  all  the  branches  of 
ufeful  fcience,  two  things  feem  to  be  principally  requilite. 
The  firSt  is,  an  historical  account  of  their  rife,  progrefs, 
and  prefent  State ;  and  the  fecond,  an  eafy  channel  of  commu¬ 
nication  for  all  new  difcoveries.  Without  the  former  of  thefe 
helps,  a  perfon  every  way  qualified  for  extending  the  bounds  of 
fcience,  labours  under  great  difadvantages  ;  wanting  the  lights 
which  have  been  Struck  out  by  others,  and  perpetually  running 
the  riSk  of  lofing  his  labour,  and  finding  himfelf  anticipated  in 
the  difcoveries  he  makes,  which  is  a  great  mortification  and  dif- 
couragement.  In  other  refpedts,  alfo,  the  progrefs  of  natural 
knowledge  is  retarded  on  this  account ;  fo  that,  in  the  prefent 
State  of  fcience,  fuch  histories  as  thefe  are,  in  a  manner,  abfo- 
lutely  necelfary. 

Confidering  how  very  few  perfons  are  acquainted  with  the 
prefent  bounds  of  any  branch  of  fcience,  or,  indeed,  are  in  cir¬ 
cumstances  in  which  it  is  pofiible  for  them  to  acquire  that 
knowledge,  and  how  much  time  and  labour  are  even,  in  that 
cafe,  neceSTary,  in  order  to  acquire  it ;  it  mufi:  be  allowed  that, 
were  thofe  histories  judiciously  compiled,  real  difcoveries  would 
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be  much  more  numerous  5  and  were  thefe,  again  eafily  and  ex- 
peditioufly  circulated,  the  progrefs  of  knowledge  might  be  ac¬ 
celerated  beyond  what  we  can  now  conceive. 

At  prefent  philofophical  knowledge  is  fo  difperfed  in  various 
books  and  languages,  that  the  very  reading  of  what  is  abfolute- 
ly  neceffary,  in  order  to  be  properly  acquainted  with  any  one 
branch  of  it,  would  take  up  more  time  and  attention  than  any 
perfon,  though  ever  fo  much  devoted  to  philofophical  purfuits, 
would  ever  think  of  bellowing  upon  it ;  unlefs  he  Ihould  make 

it  his  bulinefs  to  digeft  the  materials  into  a  hillory,  or  fyftem,  for.. 

>• 

the  ufe  of  others  as  well  as  of  himfelf ;  not  to  mention  the  expence 
of  purchaling  the  books  that  he  would  want,  which  would  be 
feveral  hundred  pounds  for  any  one  branch  of  the  fcience  j  lince, 
for  this  purpofe,  he  mull,  at  leall,  be  polfelfed  of  the  periodical 
publications  of  all  the  philofophical  focieties  of  note  in  Europe. 

Having  had  my  mind  llrongly  imprelfed  with  the  idea  of  the 
great  importance  of  full  and  complete  hillories  of  the  feveral 
branches  of  experimental  philofophy,  from  my  own  experience 
of  the  want  of  them,  ever  lince  I  gave  any  attention  to  the  fub- 
jecl,  I  ventured  upon  a  plan  of  this  kind  for  one  of  the  branches, 
to  which  at  that  time  I  happened  to  be  more  particularly  attach¬ 
ed,  viz.  Electricity  and  though  I  had  very  great  difficulties  to 
llruggle  with  in  the  execution  of  it,  particularly  from  the  want 
of  a  fufficient  Hock  of  materials,  when  I  firll  began  to  compofe, 
I  had  fo  many  other  advantages,  efpecially  thofe  which  I  derived 
from  my  intimacy  with  the  perfons  who  were  moll  diftinguilhed 
for  their  improvements  in  that  branch  of  fcience,  that,  I  believe, 
the  work  is  held  in  fome  degree  of  elleem  by  the  judicious  and  the 
candid.  This  fuccefs  has  encouraged  me  to  endeavour  to  carry 


my 


THE  PREFACE. 


m 

my  original  defign  to  its  juft  extent,  and  to  attempt  the  hiftory 
of  all  the  remaining  branches  of  experimental  philofophy. 

It  will  be  feen,  in  the  preface  to  the  firft  edition  of  the  hiftory 
of  Electricity,  that  I  then  conftdered  the  hiftory  of  all  the 
branches  of  experimental  philofophy  as  too  great  an  undertak¬ 
ing  for  any  one  perfon  but,  like  the  fox  with  refpeft  to  the 
lion,  a  nearer  view  has  familiarized  it  to  me,  and  I  now  look 
upon  it  not  only  without  dread,  but  with  a  great  deal  of  plea- 
fure  ;  confidering  it  not  only  as  a  very  practicable  bufwefs,  but 
even  as  an  agreeable  amufement.  I  am  fatisfied  that  it  is  not  to  be 
compared  to  many  works  which  have  been  executed  by  ftngle 
perfons,  of  moderate  abilities,  but  pretty  clofe  application,  and 
who  have  not  been  poffeffed  of  more  zeal  and  good  will  to  their 
undertakings  than  I  have  for  this.  A  very  great  degree  of  en- 
thufiafm  would  not  anfwer  the  purpofe.  That  could  only  carry  a 
man  through  fome  tingle  and  great  effort ;  whereas  the  thing 
that  is  wanted  is  a  moderate  and  conftant  attention  for  a  courfe 
of  fome  years. 

•Such  an  attention,  however,  can  hardly  be  expected  to  be 
kept  up  by  a  mere  writer ,  compiler  and  hiftorian.  it  is  in  a 
manner  neceffary,  for  this  purpofe,  that  a  man  have  fuch  a  tafte 
for  experimental  philofophy,  as  will  engage  him  in  fimilar  pur- 
fuits.  This  will  give  him  a  clearer  idea  of  the  bufinefs  about 
which  he  writes.  In  fhort,  he  will  have  the  fame  advantage  in 
a  work  of  this  kind  that  Xenophon,  ‘Caefar,  and  other  war¬ 
riors  are  allowed  to  have  had,  in  defcribing  a  battle,  and  which 
eminent  ftatefmen,  well  verfed  in  public  affairs,  have  had  in 
writing  general  hiftory.  I  hardly  need  to  obferve,  however,  that 
a  mere  philofopher  is  as  little  qualified  for  this  undertaking  as  a 
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mere  writer.  To  execute  a  work  of  this  extenfive  kind  to  ad¬ 
vantage,  a  perfon  muft  have  acquired  fuch  a  fkill  in  feleCting, 
abridging,  and  arranging  the  materials  that  come  before  him, 
and  fuch  a  readinefs  in  compofition,  as,  like  other  arts  and  ha¬ 
bits,  can  only  be  acquired  by  much  practice. 

The  pleafure  I  have  in  this  undertaking  is  not  fo  great,  but 
that  it  will  depend  upon  the  reception  my  labours  meet  with, 
whether  I  continue  them  or  not.  If  thofe  perfons  for  whofe  o- 
pinion  I  have  an  efteem,  favour  me  with  their  approbation,  and 
the  fale  of  the  work  indemnify  me  for  the  very  great  expences  I 
have  been  at  on  account  of  it,  I  fhall  perfevere  with  pleafure. 
If  the  reception  be  unfavourable  in  thefe  refpedts,  I  fhall  cer¬ 
tainly  defift,  and  be  thankful  that  I  can  betake  myfelf  to  other 
Rudies,  not  lefs  agreeable  to  me.  As  to  the  opinion  of  thofe 
for  whom  I  have  no  efteem,  on  account  of  the  unworthy  mo¬ 
tives  by  which  their  judgments  are  influenced,  they  will  not 
weigh  with  me  at  all.  A  man  muft  have  had  little  experience 
of  life,  and  have  acquired  very  little  ftrength  of  mind,  indeed  ■, 
to  be  diverted  from  an  undertaking  which  he  believes  to  be  ufe- 
ful,  and  important  to  mankind,  on  account  of  trifling,  unjuft, 
or  unreafonable  cenfure.  It  cannot  be  expected,  however,  but 
that  a  work  of  this  extenfive  kind,  though  it  were  undertaken  by 
ever  fo  many  perfons,  even  the  ableft,  and,  in  all  refpeCts,  the 
moft  proper  for  the  purpofe,  fhould  be  free  from  imperfections 
and  errors  ;  and  the  uniformity,  and  other  advantages,  which 
muft  refult  from  its  being  executed  by  a  fingle  perfon,  will,  it  is 
hoped,  be  a  fufficient  plea  for  the  greater  indulgence  which  he 
will  neceflarily  ftand  in  need  of. 

Some  will  probably  think  that  it  would  have  been  more  ad- 
vifeable  for  a  perfon  fcwho  meant  to  do  the  whole  of  this  work, 
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to  have  undertaken  to  do  no  more  than  one  branch  of  the  fci- 
ence,  at  one  time,  and  not  to  have  done  any  thing  with  refpedt 
to  another,  till  that  had  been  finilhed.  But,  befides  that  the  ex¬ 
pence  of  executing  any  one  part  completely  is  not  much  lefs 
than  the  whole  will  require,  two  other  capital  advantages  at¬ 
tend  the  undertaking  of  the  whole  at  once.  For  by  this 
means  there  is  no  occaiion  for  any  philofophical  treatife  to  go 
through  the  writer’s  hands  more  than  once,  in  order  to  com¬ 
mon  place  all  the  materials  it  contains ;  and  then,  having  his 
whole  fubjedt  in  view,  nothing  that  is  to  his  purpofe  can  well 
efcape  his  notice;  whereas  upon  the  other  plan,  he  would  be 
under  the  neceflity  of  examining  a  great  number  of  volumes 
many  times  over  ;  and,  never  having  more  than  one  fingle  ob¬ 
ject  in  view,  articles  lodged  in  unfufpedled  places  would  intirely 
efcape  him.  Indeed,  let  a  man  ufe  all  the  precautions  he  can 
poffibly  think  of,  he  muft  expedl  to  overlook  fome  things,  even 
though  he  had  accefs  to  all  the  books  that  he  wanted,  unlefs  he 
Should  actually  compofe  the  whole  before  any  one  part  went  to 
the  prefs,  which  is  much  too  hazardous  for  any  perfon  to  think 
of.  The  reafon  of  this  is  that  the  titles  of  books  and  papers  are 
no  fufficient  indication  of  their  contents,  on  account  of  their 
often  being  either  very  mifcellaneous,  or  ill  arranged  :  and  if  a 
perfon  adlually  read  every  page  of  an  author,  he  may  almoft  as 
well  write  a  full  account  of  it,  for  the  ufe  of  his  work. 

I  would  not  have  my  reader  imagine  that  this  work,  though 
written  by  a  tingle  perfon,  contains  nothing  more  than  his  own 
obfervations,  which  might  well  be  concluded  to  be  very  inade¬ 
quate  to  the  purpofe,  I  have  not  the  vanity  to  pretend  to  an 
univerfal  knowledge  of  philofophy.  Indeed  no  man  can  pre¬ 
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tend  to  it ;  but  I  am  happy  in  my  friendihips  with  thofe  who 
are  allowed  to  be  the  mod;  eminent  in  each  of  the  branches,  and 
no  part  of  the  work  will  be  put  to  the  prefs,  till  it  has  received 
the  benefit  of  all  the  adidance  that  they  can  afford  with  refpedt 
to  it ;  and  none  of  them  will  fay  that  I  am  not  very  thankful 
for  any  information  they  give  me,  and  very  ready  to  correct 
the  mi  (lakes  that  I  fall  into.  With  refpedt  to  the  prefent 
volume,  the  reader  will  eafily  perceive,  that  both  he  and  I  are 
obliged  to  my  friend  and  neighbour  the  Rev.  Mr.  Michell,  for 
many  original  communications  ;  and  my  obligations  to  him  are 
much  more  confiderable  than  will  appear  on  the  face  of  the 
work.  Indeed,  feveral  of  the  obfervations,  will  be  feen  to  bear 
the  marks  of  a  more  accurate  acquaintance  with  the  fubjedt  than 
I  can  pretend  to.  With  refpedl  to  feveral  articles,  however,  I 
1  was  fo  circumflanced,  as  to  be  under  a  neceffity  of  fending 
them  to  the  prefs  without  confulting  either  Mr.  Michell,  or  any 
other  perfon  whatever ;  fo  that,  if  any  miflake  be  difcovered  in 
the  work,  myfelf  only  am  anfwerable  for  it. 

Senhble  how  inadequate  the  information  and  furniture  of  any 
fingle  perfon  mud  necedarily  be  for  a  work  of  this  extent,  I  have 
made  ufe  of  every  precaution  that  my  prudence  could  point  out 
to  me  to  remedy  that  defedt.  I  began  with  publidiing  printed 
propofals  for  the  undertaking,  with  lids  of  the  books  which  I 
had  procured,  and  alfo  of  thofe  which  I  had  heard  of,  and  which 
I  wanted  for  the  purpofe.  This  method  having  anfwered  my 
dedgn,  I  repeated  my  addrefs  to  the  public,  with  new  and  larger 
catalogues  ;  and  now  I  think  it  unnecedary  to  do  it  any  more, 
imagining  that  I  am  poffeded  of  all  the  philofophical  writings 
that  can  be  of  much  ufe  to  my  dedgn;  Led,  however,  I  diould 
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have  overlooked  any  work  of  value>  I  dial!  at  the  clofe  of  this, 
and  alfo  of  every  other  volume,  print  a  catalogue  of  all  the  phi- 
lofophical  books  that  I. have  accefs  to,  that  thofe  perfons  who 
have  it  in  their  power  may  have  an  opportunity  of  giving  me  the 
information  or  aflidance  that  I  dill  may  want,  and  for  which  I 
ihall  be  very  thankful; 

I  have  adopted  the  bijiorical  method ,  becaufe  it  appears  to  me 
to  have  many  obvious  advantages  over  any  other  for  my  purpofe ; 
being  peculiarly  calculated  to  engage  the  attention,  and  to  com¬ 
municate  knowledge  with  the  greated  eafe,  certainty,  and  plea- 
fure.  Moreover,  the  recital  of  the  labours  of  philofophers  in 
•an  hidorical  method  gives  a  writer  a  better  opportunity  than  a 
iyftematical  method  would  do,  of  tranfmitting  them  to  poderity 
in  fuch  a  manner  as  will  operate  mod  powerfully  on  the  minds 
of  the  readers,  and  be  a  motive  with  them  to  exert  and  didin- 
guifh  themfelves  in  philofophica!  purfuits.  To  fuch  confidera- 
tions.  as  thefe  the  mind  of  man  is  never  wholly  infenfible. 

It  will,  however,  be  found,  that,  though  the  method  I  have 
chofen  be  bijiorical,  it  is,  at  the  fame  time,  diffidently  fyjiema- 
tical and,  indeed,  pretty  dridly  fo  with  refped  to  each  didind 
article  in  the  feveral  periods  into  which  the  work  is  divided ;  fo 
that  any  perfon,  if  he  chufe  it,  may  fee,  without  interruption, 
all  the  difcoveries  that  have  been  made  relating  to  any  fingle  head 
or  divifion  of  every  fubjed.  In  order  to  be  more  fydematical, 
and  thereby  to  make  the  work  more  ufeful  to  young  dudents,  I 
have  imitated  the  condud  of  the  bed  civil  hidorians,  in  making 
the  order  of  time  give  place,  with  refped  to  many  articles,  to 
more  natural,  and  therefore  more  important  connedions.  Thus, 
when  later  writers  have  added  but  little  to  the  obfervations  of 
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thofe  who  preceded  them,  I  have  given  the  whole  of  a  fubjedl 
in  an  earlier  period,  and  when  former  writers  contain  very  little, 

I  have  given  the  whole  in  a  later  period.  This  method  cannot 
but  be  more  agreeable  to  all  my  readers  than  a  mere  journal,  or 
a  ftridtly  chronological  narrative  of  tranfadtions. 

That  the  generality  of  readers  may  not  be  difcouraged  from 
purchafing  this  work,  I  (hall  endeavour  to  make  every  thing,  at 
leaft  every  thing  of  much  value  in  it,  perfectly  intelligible  to 
thofe  who  have  little  or  no  knowledge  of  Mathematics,  provid¬ 
ed  they  give  a  proper  degree  of  attention  to  the  fubjedt.  I  fhall 
alfo  endeavour  to  avail  myfelf  of  every  circumftance  or  incident, 
that  can  contribute  to  render  the  narration  pleafing  and  interefl- 
ing  to  the  reader  >  at  the  fame  time  that  I  fhall  be  careful  never 
to  lofe  fight  of  my  principal  objedt,  which  is  to  bring  into  a 
moderate  compafs,  and  to  digeft  into  an  eafy  method,  an  account 
of  every  real  improvement  01  difcovery  in  fcience,  in  fuch  a 
manner  as  fhall  enable  the  philofoph«r$  of  the  prefent  age  to  re¬ 
fume  and  purfue  the  inquiries  of  their  predaceffors  to  the  greateft 
advantage. 

At  the  clofe  of  each  part  of  the  hiftory,  I  fhall  endeavour  to 
give  a  comprehenfive  view  of  all  the  difeoveries  which  have  been 
made  in  that  branch  of  fcience  to  which  it  is  appropriated,  point¬ 
ing  out  their  natural  connection,  noting  what  I  fhall  imagine  to 
be  the  principal  defiderata ,  and  giving  hints  for  the  extenfion  of 
it.  To  each  volume  I  fhall  alfo  fubjoin  an  explanation  of  all  the 
technical  terms  that  occur  in  it ;  and,  in  order  to  give  a  clearer 
view  of  the  progrels  of  the  fcience,  I  fhall,  whenever  it  can  be 
done  conveniently,  exhibit  a  view  of  all  thofe  perfons  who  have 
made  the  greateft  figure  in  the  hiftory,  after  the  manner  of  my 
Chart  of  Biography. 


That 


’THE  PREFACE 


ix 

That  my  reader  may  the  more  eafily  fatisfy  himfelf,  from  the 
fountain  head,  with  refpedt  to  any  article,  concerning  which  he 
may  wifti  to  have  fuller  information  than  I  have  given  him,  I 
have  always  been  careful  to  refer,  at  the  bottom  of  the  page,  to 
the  very  authors  that  I  have  made  ufe  of  in  compiling  the  work. 
Neither  in  this  volume,  nor  in  the  hijiory  of  electricity,  fhall  I 
be  found  to  have  made  a  parade  of  quoting  any  author  that 
I  have  not  actually  confulted.  If  I  have  met  with  any  hiftorical 
account  of  difcoveries  that  I  had  reafon  to  depend  upon,  I  was 
glad  to  avail  myfelf  of  fuch  aftiftance ;  but  the  reader  will  al¬ 
ways  perceive  when  I  have  done  fo  ;  and,  with  refpedt  to  no  fad 
of  confequence,  have  I  contented  myfelf  with  a  fecond  hand  ac¬ 
count,  if  it  was  poflible  for  me  to  come  to  the  original ;  being 
truly  confcious  to  myfelf,  that  I  have  never  fpared  any  labour, 
when  I  have  thought  that  it  would  contribute  to  the  real  value 
of  my  work. 

In  fome  cafes,  I  have  found  hiftorical  accounts  of  experi¬ 
ments  and  difcoveries  fo  full,  and  fo  well  digefted,  that  when 
I  have,  afterwards,  met  with  the  originals,  I  have  feen  no  rea¬ 
fon  to  make  any  alteration.  In  this  cafe  I  have  generally  let 
the  firft  reference  ftand,  becaufe  it  pointed  to  the  account  which 
I  had  actually  copied,  or  abridged ;  but  if  I  afterwards  collected 
any  additional  circumftance  from  the  original  writer,  I  have 
fometimes  quoted  both.  But,  in  general,  I  have  found  the  ac¬ 
counts  of  difcoveries  and  experiments  given  by  fubfequent  wri¬ 
ters,  and  even  thofe  of  the  greateft  reputation,  to  be  exceeding¬ 
ly  lame  and  fuperficial;  fo  that  after  I  met  with  the  original 
authors,  I  have  been  obliged  to  cancel  the  whole  of  the  account 
which  I  had  before  drawn  up. 
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As  to  the  figures  which  I  have  made  ufe  of,  efpecially  thofe 
which  relate  to  the  elementary  parts  of  the  work.  I  have  not 
fcrupled  to  make  free  with  thofe  of  any  writer  that  happened 
to  fuit  my  purpofe.  Mott  of  them  will  be  found  in  Smith, 
Mufchenbroeck,  and  Rowning. 

If  I  be  fo  happy  as  to  give  my  philofophical  readers  reafonable 
fatisfadtion  with  refpedt  to  the  execution  of  this  volume,  I  think 
I  may  venture  to  promife  them,  that,  as  I  fhall  not  fail  to  ufe  the 
fame  care  and  attention,  they  will  have  no  lefs  reafon  to  be  fa- 
tisfied  with  the  remaining  volumes;  as  I  am  pretty  confident 
that  the  fubjedt  of  this  volume  is,  on  feveral  accounts,  attended 
with  more  difficulty  than  that  of  any  other  that  is  yet  to  come 
before  me.  At  the  fame  time,  I  imagine  that  it  is  of  fuch  a 
nature,  that  the  hiftory  of  it  may  be  expedted  to  be  as  generally 
entertaining,  as  that  of  any  other  within  the  whole  compafs  of 
philofophy. 

This  part  of  my  work  will  exhibit  a  number  of  the  fineSt 
gradations  in  the  difcoveries  of  different  perfons,  a  view  of  the 
greatest  and  happiefl  exertions  of  human  genius,  and  the  labours 
of  thofe  who  are  the  mofl  celebrated  for  their  philofophical  pur- 
fuits.  The  appearances  in  nature  which  thefe  difcoveries  ex¬ 
plain  are  constantly  before  our  eyes,  and  muft  be  perpetually  ex¬ 
citing  the  curiofity  of  all  thinking  perfons ;  the  instruments,  to 
the  construction  of  which  they  led,  are  in  daily  ufe  ;  and  every 
thing  relating  to  Opticks  is  capable  of  the  molt  perfedt  illustra¬ 
tion  by  figures. 

'  For  a  variety  of  general  obfervations  on  the  fubjedt  of  experi¬ 
mental  philofophy,  refpedting  the  pleaSure  and  advantage  refult- 
ing  from  the  Study,  I  muft  refer  to  the  preface  to  my  Hifiory  of 
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Eledlricity,  which  may  be  confidered  as  the  firjl  volume  of  the 
work  which  I  am  now  carrying  on. 

In  the  lad;  of  my  printed  propofals  I  hinted  that,  in  the  next 
place,  I  diould  probably  undertake  the  hidory  of  Magnetifm ; 
but  having  been  lately  engaged  in  a  courfe  of  experiments  relat¬ 
ing  to  AIR,  efpecially  with  refpedl  to  vegetation  and  refpiration, 
and  given  more  particular  attention  to  thofe  kinds  which  are 
noxious  (as  that  which  is  commonly  called  fixed  air,  the  feveral 
fpecies  of  inflammable  air,  that  which  is  afFedted  with  the 
breath  of  animals  or  putrid  matter,  &c)  and  as  thefe  experi¬ 
ments  have  terminated  in  feveral  original  obfervations,  fome  of 
which  I  flatter  myfelf  will  be  thought  curious  and  important  j 
I  now  think  that  I  fliall  next  apply  to  the  hifiory  of  difcoveries  re¬ 
lating  to  AIR.  But  I  propofe  to  wait  lome  time  before  I  pro¬ 
ceed  with  this  work,  that  I  may  have  an  opportunity  of  judging 
whether  it  be  agreeable  to  the  public  that  I  continue  it  or  not. 
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Of  DISCOVERIES  relating  to 

VISION,  LIGHT,  and  COLOURS. 

PERIOD  I. 

To  THE  REVIVAL  OF  LETTERS  IN  EUROPE. 

TH  E  phenomena  of  light  and  vilion  could  not  pais 
wholly  unnoticed  by  thofe  who  gave  the  lead;  atten¬ 
tion  to  the  works  of  nature,  efpecially  if  they  had 
any  defire  to  know  the  caufe  of  appearances,  and  the  manner  in 
which  they  are  produced.  But  the  firft  conjectures  we  meet 
with  upon  this  fubjeCt,  it  mud  be  owned,  were  not  very  pro- 
miiing. 

Among  thofe  who  were  fird  didinguifhed  by  the  appellation 
of  Philojophersy  there  was  a  doubt,  whether  objects  be  vifible 
by  means  of  any  thing  that  proceeds  from  them,  or  of  fome- 
thing  that  idues  from  the  eye  of  the  fpeCtator.  It  was  the 
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opinion  of  Pythagoras  that  viflon  is  caufed  by  particles  continu¬ 
ally  flying  from  the  furfaces  of  bodies,  and  entering  the  pupil  of 
the  eye  ;  but  Empedocles  and  Plato  fuppofed  that  the  caufe  of 
viflon  is  fomething  emitted  from  the  eye,  which  meeting  with 
fomething  elfe  that  proceeds  from  the  objed,  is  thereby  re¬ 
flected  back  again.*  Strange  as  this  hypothefis  appears,  I 
do  not  admit  with  Montucla,  -f  that  it  is  any  proof  of  a  fym- 
pathy  between  the  human  mind  and  error,  that  it  was  adopted 
by  the  molt  enlightened  perfons  of  that  age. 

Miftaken  as  the  Platonic  Philofophers  were  with  refped  to  the 
progrefs  of  viflon,  I  find  that  they  were  acquainted  with  two 
very  important  obfervations  concerning  it,  viz.  That  light,  from 
whatever  it  proceeds,  is  propagated  in  right  lines ,  and  that,  when 
it  is  reflected  from  the  furfaces  of  polifhed  bodies,  the  angle  of 
incidence  is  equal  to  the  angle  of  reflexion.  Who  it  was  that  firffc 
made  thefe  important  obfervations  is  not  known.  But,  indeed, 
important  as  they  are,  and  the  foundation  of  a  great  part  of  even 
the  prefent  fyftem  of  op  ticks,  it  is  poflible  that,  if  he  were  known, 
he  might  not  be  allowed  to  have  any  fhare  of  merit,  at  lead  for 
the  former  of  them  ;  the  fad  is  fo  very  obvious,  and  fo  eaflly 
afcertained.  The  difference  between  light  and  found,  in  this 
refped,  is  flriking.  The  latter  is  perceived  by  us  whatever  ob- 
jeds  be  interpofed  between  us  and  the  founding  body,  provided 
there  be  a  free  paflage  through  the  air,  though  it  be  ever  fo  wind¬ 
ing  ;  whereas  the  interpofition  of  any  opaque  fubftance  in  a  right 
line  between  the  eye  and  an  objed,  effedually  conceals  it  from 
our  fight. 

*  Saverien’s  Hiftoire,  p.  236.  f  HiiUw  Bes  Mathetnatiques,  Vol.  1.  p.  202. 
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That  the  angle  of  incidence  is  equal  to  the  angle  of  reflexion 
was,  probably,  firft  difeovered  by  obferving  a  ray  of  the  fun  re¬ 
flected  from  the  furface  of  water,  or  fome  other  polifhed  body  ; 
or  from  obferving  the  images  of  objeCts  reflected  by  fuch  fur- 
faces.  If  philofophers  attended  to  this  phenomenon  at  all,  they 
could  not  but  take  notice  that,  if  the  ray  fell  nearly  perpendicu¬ 
lar  upon  fuch  a  furface,  it  was  reflected  near  the  perpendicular, 
and  if  it  fell  obliquely,  it  was  reflected  obliquely  ;  and  if  they 
thought  of  applying  any  kind  of  meafures  to  thefe  angles,  how¬ 
ever  coarfe  and  imperfeCt,  they  could  not  but  fee  that  there  was 
fufBcient  reafon  to  aflert  their  equality.  At  the  fame  time  they 
could  not  but  know  that  the  incident  and  reflected  rays  were  both 
in  the  fame  plane. 

To  illuftrate  this,  let  AB,  fig.  i,  be  the  furface  of  any  me¬ 
dium  of  a  different  denfity  from  the  air,  water  for  inftance,  or  a 
plate  of  polifhed  metal,  and  let  CD  be  a  ray  of  light  falling 
upon  it  at  D,  making  an  angle  CDE  with  the  perpendicular 
DE  ;  and  it  will  be  reflected  in  the  line  DF,  making  the 
angle  EDF,  equal  to  EDC. 

It  is  in  vain  that  we  look  for  any  obfervation,  or  difeovery  of 
importance  upon  this  fubjeCt,  among  any  of  the  feCts  of  the 
Grecian  philofophers  ;  fo  that  I  doubt  not,  but  that  I  fhall  ac¬ 
quit  myfelf  to  the  fatisfaCtion  of  my  reader  with  refpeCt  to  them, 
if,  to  what  has  been  already  mentioned,  I  add  the  obfervations 
of  Ariftotle  upon  this  fubjeCt.  His  abilities  and  induftry  were, 
perhaps,  inferior  to  thofe  of  no  man ;  and  he  was  the  moA  both 
of  a  naturalift ,  and  a  natural philojop her  of  any  of  the  antients. 
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Ariftotle  maintained,  contrary,  as  he  fays,  to  the  opinion  of 
Empedocles,  and  fome  others,  that  light  is  incorporeal.  If  it 
Were  not  a  mere  quality,  but  a  real  Jubftance,  the  motion  of  it  he 
fays,  could  not  be  infenfible,  in  palling  from  the  eaft  to  the  weft, 
though  it  might  efcape  our  notice  in  afmaller  diftance.*  When  he 
is  reafoning  concerning  the  caufe  of  tranfparency,  he  obferves, 
that  it  is  a  property  of  fome  bodies,  which,  from  being  poten¬ 
tial  only,  is  rendered  aftual  by  the  prefence  of  light ;  and  there¬ 
fore,  with  refpecft  to  this  circumftance  merely,  he  defines  light  to 
be  the  aft  of  (or  rather  energy ,  mgyei a  J  a  tranfparent  body 
as  fuch.\ 

This  philofopher  was  fenfible,  that  it  is  owing  to  the  reflexion 
of  light  by  the  atmofphere,  that  it  is  not  abfolutely  dark  in  all 
places  where  the  fun  doth  not  fhine.  § 

The  principal  phenomena  of  the  rainbow,  halo’s,  parhelia, 
&:c.  had  not  efcaped  the  notice  of  the  antients,  who  clafled  all 
thefe  appearances  under  the  common  denomination  of  meteors . 
It  is  obferved  by  Ariftotle,  that  the  halo  is  a  complete  circle, 
furrounding  the  fun,  the  moon,  or  any  very  bright  ftar ;  but 
that  the  rainbow  is  never  more  than  a  femi-circle,  and  only  when 
the  fun  is  juft  rifing  or  fetting  ;  and  that  the  higher  the  fun  is 
advanced  in  the  heavens,  the  lefs  is  the  arch  of  the  bow ;  fo 
that,  in  the  fummer,  no  rainbow  can  be  feen,  in  Greece,  at  noon. 
The  diftindl  colours  of  the  rainbow  he  made  to  be  three  ;  and 
he  obferves  that,  of  the  two  bows,  the  colours  of  the  outermoft 
are  always  lefs  vivid.  J 

It  was  fuppofed  by  many  perfons  before  Ariftotle,  that  a  rain¬ 
bow  could  not  be  made  by  the  moon ;  and  he  fays  it  is  not  furprifing 

*  De  Aniraa,  Lib.  2.  Cap.  6.  f  lb.  §  lb.  Cap.  7.  %  Meteor,  Lib.  j.  Cap.  2. 
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that  they  fhould  have  entertained  that  opinion,  fince  it  can  be 
vifible  only  at  the  full  moon,  and  alfo  in  a  variety  of  other  cir- 
cumflances  that  feldom  concur.  He  fays  that  he  himfelf,  in  a«. 
bove  fifty  years,  had  never  feen  more  than  two. 

A  rainbow,  this  author  obferves,  may  be  made  by  the  dafh- 
ing  of  an  oar,  or  by  any  other  method  of  fprinkling  water 
in  fmall  drops,  and  that  it  will  be  vifible  to  a  perfon  who  turns 
his  back  to  the  fun,  in  the  fame  manner  as  in  the  cafe  of  the  na¬ 
tural  rainbow. 

Ariflotle  was  of  opinion  that  rainbows,  halo’s,  and  mock 
funs,  were  all  occafioned  by  the  reflexion  of  the  fun  beams  in 
different  circumflances,  by  which  an  impeded  image  of  his  body 
was  produced,  the  colour  only  being  exhibited,  and  not  his  pro^ 
per  figure.  The  image,  he  fays,  is  not  fingle,  as  in  a  mirror  ; 
for  each  drop  of  rain  is  too  fmall  to  refled:  a  vifible  image,  but 
the  conjundion  of  all  the  images  is  vifible.  * 

The  reafon  which  he  gives  for  rainbows  and  halo’s  being  cir¬ 
cular,  fhows  how  very  imperfedly  this  fubjed  was  then  under- 
flood  ;  but  the  very  fame  continued  to  be  afligned  even  after  the 
revival  of  literature  in  Europe.  Near,  that  is  diredly  oppofite 
to  the  fun,  his  rays,  he  fays,  are  fo  powerful,  that  the  air,  or 
vapour,  is  not  able  to  flop  their  paffage  ;  and  at  a  confiderable 
diflance  on  either  hand  they  are  too  weak  to  be.refleded  in  that 
manner  j  fo  that  at  fome  precife  diflance  from  the  point  oppofite 
to  the  fun,  and  confequently  in  a  circle,  thefe  appearances  are 
produced,  -f*  They  who  thought  that  vifion  was  performed  by 
means  of  fomething  that  iffued  from  the  eye,  reprefent  the  ocular 
beams  as  having  the  fame  power,  when  they  are  projeded  flraight 
forwards. 


*  Meteor,  Cap.  3, 
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It  is  to  as  little  purpofe  that  we  examine  the  mere  opinions  of 
Epicurus,  or  any  others  of  the  heads  of  fedls  ;  as  they  are  alto¬ 
gether  unfupported  by  experiment.  They  had  all  a  confufed  kind 
of  notion,  that,  as  we  feel  bodies  at  a  diflance  from  us  by  the 
intervention  of  a  flick,  &c.  fo  the  eye  perceives  them  by  the 
intervention  of  light.  This,  however,  is  a  favourite  idea  with 
Lucretius,  who  followed  his  mailer  Epicurus. 

The  antients  were  not  inattentive  to  the  common  appearances 
of  nature,  though  they  made  few  or  no  experiments  ;  nor  did 
their  imaginations  want  any  fertility  with  refpedt  to  hypothefes, 
to  account  for  them.  We  find  a  great  number  of  optical  questions 
in  Ariflotle,  and  fomething  advanced  by  way  of  folution  to  them 
all ;  but  hardly  any  thing  worth  reciting  in  this  hiflory,  as  his 
opinions  were  neither  true,  nor  did  they  contribute  to  the  dis¬ 
covery  of  the  truth,  with  refpeCt  to  any  of  them.  Among  o- 
ther  queflions  of  his,  we  find  one  concerning  the  reafon  why  a 
fdck  appears  bent  when  it  is  held  obliquely  in  water ;  which 
thews  that  the  refraction,  as  well  as  the  reflexion  of  light  had  not 
paffed  altogether  unnoticed  by  the  antients ;  and  the  broken  ap¬ 
pearance  of  a  flraight  flick  in  water  was,  probably,  the  circum- 
flance  that  gave  occafion  to  the  introduction  of  the  term.  Archi¬ 
medes  is  even  faid  to  have  written  a  book  about  the  appearance  of 
a  ring,  or  circle,  under  water,  and  therefore  could  not  but  have 
attended  to  this  property  of  refraCtion,  and  the  fallacy  in  vifion 
that  arifes  from  it.  The  knowledge  of  thefe  two  properties  of 
light  may,  therefore,  be  deemed  to  have  been  almofl  coeval 
'with  vifion,  and  therefore  the  taking  notice  of  them  can  give  no 
man  a  title  to  be  confidered  as  a  philofopher. 
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The  antients  had  not  only  obferved  the  effects  of  common  re¬ 
fraction,  but  were  fenfible  of  the  production  of  colours  in  refract¬ 
ed  light.  Seneca  fays,  that  if  the  light  of  the  fun  thine  through 
an  angular  piece  of  glafs,  it  will  give  all  the  colours  of  the  rain¬ 
bow.  But,  without  inquiring  into  the  nature  of  the  phenome¬ 
non,  which  had,  probably,  been  obferved  ages  before  his  time, 
he  contents  himfelf  with  faying,  that  this  appearance  is  not  of 
any  real ,  but  only  a  fpecies  of falfe  colour,  fuch  as  is  feen  in  the 
neck  of  a  pigeon,  which  changes  with  the  pofition.  Of  the 
fame  nature,  he  fays,  is  a  fpeculum,  which,  without  having  any 
colour  of  its  own,  affumes  that  of  any  other  birdy* 

The  antients  were  not  unacquainted  with  the  magnifying  power 
of  denfe  mediums  of  certain  figures,  though  they  were  far  from 
underftanding  the  caufe  of  this  effect.  Seneca  fays  that  fmall 
and  obfcure  letters  appear  larger  and  brighter  through  a  glafs 
globe  filled  with  water.  He  alfo  obferves  that  apples  fwimming 
in  fuch  a  glafs  appear  more  beautiful  than  they  otherwife  would 
do.  *f* 

If  I  have  not  already  made  a  fufiicient  apology  to  my  reader, 
for  giving  him  fo  little  of  the  wifdom  of  the  antients  upon  op¬ 
tical  fubjeCts,  I  doubt  not  but  I  fhall  have  done  it,  when  I  have 
informed  him,  that  the  reafon  which  Seneca  gives  for  the  mag¬ 
nifying  power  of  his  glafs  globe  is,  that  the  eye  Aides  in  the 
water,  and  cannot  lay  hold  of  its  objeCt  :  (quod  acies  nojlra  in 
humido  labitur ,  nec  apprehendere  quod  vult  f  deliter  potejl )  and  that 
Alexander  Aphrodifienfis,  the  great  commentator  upon  Ariftotle, 
who  flourifhed  near  two  centuries  after  Seneca,  fays,  that  tho 
reafon  why  apples  appear  large  when  they  are  immerfed  in  water 

•  Nat,  Quell.  Lib.  i.  Cap.  7.  f  lb.  Cap.  6. 
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is,  that  the  water  which  is  contiguous  to  any  body  is  aflfedted 
with  the  fame  quality  and  colour,  fo  that  the  eye  is  deceived, 
in  imagining  the  body  itfelf  to  be  larger.* 

The  antient  engravers  of  gems  are  fuppofed  to  have  made  ufe 
of  a  glafs  globe  filled  with  water  to  magnify  their  figures,  and 
thereby  to  work  to  more  advantage.  The  authority  for  this  is  a 
book  publifhed  by  Natter,  upon  that  fubjedt. 

That  the  power  of  tranfparent  bodies  of  a  fpherical  form,  &c. 
in  magnifying  or  burning,  was  not  wholly  unknown  to  the  anti- 
ents,  is  farther  probable  from  certain  gems  preferved  in  the  ca¬ 
binets  of  the  curious,  which  are  fuppofed  to  have  belonged  to 
the  Druids.  They  are  made  of  rock  cryftal  of  various  forms, 
amongft  which  are  found  fome  that  are  fpherical,  and  others  len¬ 
ticular  ;  and  though  they  are  not  fo  well  wrought  as  to  perform 
their  office  as  well  as  they  might  have  done,  if  they  had  been 
more  judicioufly  executed,  yet  they  are  fo  well  wrought,  that 
one  can  hardly  fuppofe  it  poffible,  that  their  effedt,  in  magnifying 
at  leaft,  could  have  efcaped  the  notice  of  thofe  who  had  often  oc- 
cafion  to  handle  them ;  if  indeed,  in  the  fpherical  or  lenticular 
form,  they  were  not  purpofely  intended  for  the  ufe  of  magnify¬ 
ing  or  burning.  One  of  thefe,  of  the  fpherical  kind,  of  about 

an  inch  and  an  half  in  diameter,  is  preferved  amongft  the  foffils 

_  • 

given  to  the  univerfity  of  Cambridge  by  Dr.  Woodward,  in 
whofe  catalogue  it  is  to  be  found. 

To  give  a  brief  illuftration  of  the  nature  of  refradtion,  as  I 
have  juft  done  concerning  refledtion  :  let  AB,  fig.  2,  be  the  fur- 
face  of  water,  or  any  fluid  medium  denfer  than  air,  and  let  CD 
be  a  ftraight  rod  held  obliquely  in  it.  To  an  eye  that  looks 


#  B.  Porta  de  Refra&ione,  p.  20. 
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upon  it  in  thefe  circUmfitances  it  will  not  appear  to  go  on  in  a 
flraight  line  to  D,  but  will  feem  to  be  broken  where  it  enters  the 
furface  at  E,  and  from  thence  go  on  in  another  Eraight  line  to  F  ; 
the  part  that  is  under  water  appearing  higher  than  it  would  other- 
wile  do. 

* 

To  give  a  more  philofophical  explanation  :  Let  CD,  iig.  i,  be 
a  ray  of  light  falling  obliquely  upon  the  furface  AB.  When  it 
comes  to  D,  it  will  not  go  on  in  the  flraight  line  DG  ;  but,  ex¬ 
cepting  what  is  reflected  in  DF  (as  mentioned  before)  will  be 
refradted  into  the  line  DH,  which  is  nearer  to  the  perpendi¬ 
cular  DI. 

For  the  fame  reafon  that  a  ray  of  light  is  bent  towards  the  per¬ 
pendicular  in  pafling  from  a  rarer  into  a  denfer  medium,  it  is 
bent  from  the  perpendicular  in  palling  from  a  denfer  into  a  rarer 
medium.  Thus,  if  the  ray  FID,  fig.  i,  be  fuppofed  to  ilfue  from 
under  the  water,  when  it  arrives  at  D  it  will  not  go  in  the  flraight 
line  DK,  but  will  be  refracted  farther  from  the  perpendicular 
•  DE,  into  DC  ;  fo  that,  to  an  eye  at  C,  it  will  feem  to  have 
proceeded  from  G,  which  is  higher  in  the  water  than  H. 

Next  to  a  flraight  flick  appearing  bent,  when  part  of  it  is  held 
obliquely  in  the  water,  the  apparent  elevation  of  a  piece  of 
money,  or  any  other  objedl,  placed  at  the  bottom  of  a  difh,  when 
water  is  poured  upon  it,  was,  probably,  as  old  an  obfervation  as 
that  of  any  thing  that  depends  upon  refradlion.  This  circum- 
flance  Hill  makes  a  plealing  experiment,  and  never  fails  agreeably 
to  furprile  thofe  who  are  unacquainted  with  the  nature  of  light ; 
as  they  do  not  readily  comprehend  how  the  filling  of  the  vefiei 
with  water  can  make  them  fee  an  object  placed  at  the  bottom  of 
it,  which  was  not  vifible  to  them  before,  being  concealed  by  the 
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edge  of  the  veiTel.  This  fad:  is  referred  to  by  the  oldeft  optical 
writers,  and  is  eafily  explained  by  fig.  i.  For  fuppofing  H  to 
be  the  place  of  the  piece  of  money,  and  the  line  AD  fome  opa¬ 
que  fubftance,  through  which  light  could  not  be  transmitted  ;  if 
all  the  fpace,  both  above  and  below  the  line  AB  were  the  fame 
medium,  as  air,  rays  of  light  proceeding  from  H  would  go 
firaight  on  in  the  line  HK,  fo  as  never  to  come  to  an  eye  at  C. 
But  if  all  below  AB  be  water,  the  rays  will  be  refraded,  or 
bent  at  D  and  turned  into  the  diredion  DC  ;  and  confequently 
the  objed  H  that  was  invifible  before,  will  be  vifible  in  the  line 
DG. 

Without  inquiring  any  farther  into  the  nature  of  light  or  vi- 
fion,  the  antient  Geometricians  contented  themfelves  with  de¬ 
ducing  a  fyftem  of  opticks  from  the  two  obfervations  mentioned 
above,  viz.  the  redilinear  progrefs  of  light,  and  the  equality  of 
the  angles  of  incidence  and  reflexion.  The  treatife  of  opticks 
which  has  been  afcribed  to  Euclid  is  employed  about  determining 
the  apparent  fize  and  figure  of  objeds,  from  the  angle  under 
which  they  appear,  or  which  the  extremities  of  them  fubtendatthe 
eye,  and  the  apparent  place  of  the  image  of  an  objed  refleded 
from  a  polifhed  mirror  ;  which  he  fixes  at  the  place  where  the 
refleded  ray  meets  a  perpendicular  to  the  mirror  drawn  through 
the  objed.  But  this  work  is  fo  imperfed,  and  fo  inaccurately 
drawn  up,  that,  I  believe,  it  is  not  generally  thought  to  be  the 
produdion  of  that  great  Geometrician. 

As  the  antients  feem  to  have  been  pretty  well  acquainted  with 
the  phenomena  of  refleded  light,  I  {hail  here  introduce  a  brief 
explanation  of  the  principal  cafes  from  it,  deduced  from  the 
Angle  obfervation,  that  the  angles  of  incidence  and  reflexion  are 
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equal,  and  applied  to  plane,  convex,  and  concave  mirrors.  This, 
is,  in  faCt,  the  fubftance  of  the  latter  part  of  Euclid’s  work. 

If  the  reflecting  furface  be  plane,  it  evidently  follows  from 
this  principle,  that,  if  a  number  of  rays  fall  upon  it,  they  will 
be  reflected  with  the  fame  inclination  to  one  another  that  they 
had  before  their  incidence  ;  becaufe  all  the  perpendiculars  to  the 
furface  are  parallel  to  one  another  ;  fo  that  if  the  rays  were  paral¬ 
lel  before  their  incidence,  they  will  be  parallel  afterwards,  and 

if  they  were  converging  or  diverging  before,  they  will  be  con- 

< 

verging  or  diverging  afterwards,  and  in  the  fame  angle.  But 
this  efleCt  will  be  different,  if  the  furface  be  convex  or  concave  ; 
becaufe  all  the  perpendiculars  to  thofe  furfaces  muft  be  drawn 
through  the  center  of  thd^fphere  of  convexity  or  concavity. 

Let  AB,  fig.  3,  be  a  ray  of  light  falling  upon  the  convex  fur¬ 
face  XY.  When  it  arrives  at  B,  it  will  be  reflected  in  the  line 
BE,  making  the  angle  ABD  (CD  being  drawn  from  the  center  of 
the  fphere,  through  the  point  of  incidence  B)  equal  to  DBE. 
In  like  manner,  if  another  ray  FG,  parallel  to  the  former  ray  AB, 
fall  upon  another  point  of  the  furface  at  G,  it  will  be  reflected 
into  GH,  making  the  angle  FGI  equal  to  IGH.  But  fince  the 
perpendiculars  CD  and  Cl  diverge  from  one  another,  the  lines 
BE  and  GH  will  diverge  likewife. 

On  the  other  hand,  if  the  ray  AB,  fig.  4,  fall  upon  the  con¬ 
cave  furface  XY,  it  will  be  reflected  into  BD,  making  the  angle 
ABC  (C  being  the  center  of  the  fphere)  equal  to  CBD ;  and 
another  ray  EF,  parallel  to  AB,  will  be  reflected  into  FH,  mak¬ 
ing  the  angle  EFC  equal  to  CFH.  And  fince  the  perpendicu¬ 
lars,  CB  and  CF,  converge  from  the  furface,  the  reflected  rays 
BD  and  FD  will  alfo  converge. 

C  2 
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To  apply  this  to  the  cafe  of  mirrors  :  Let  AB,  fig.  5,  be  an 
object  viewed  by  the  eye  at  HK,  in  a  plain  mirror  SV.  The 
point  A  will  appear  to  be  fomewhere  in  the  perpendicular  AI. 
And  fince  the  rays  AF  and  AG;  ifluing  from  the  point  A,  will 
be  reflected  with  the  fame  inclination  to  one  another  that  they 
had  before,  if  HF  and  KG  be  produced  beyond  the  reflecting 
furface,  they  will  meet  in  the  point  I,  at  the  fame  didance  from 
the  furface  with  the  point  A.  For  the  fame  reafon,  M  will  be 
the  place  of  the  image  of  the  point  B.  And  thus  the  whole 
image  IM  will  appear  to  be  of  the  fame  fize  with  the  objeCt  AB. 

Let  AB,  fig.  6,  be  an- objeCt  feen  by  reflexion  from  the  convex 
mirror  SV.  The  point  A  mud,  by  the  rule  laid  down  above,  ap¬ 
pear  fomewhere  in  the  line  AC  ;  and  fince  the  rays  AF  and  AG 
will  diverge  more  after  reflexion  than  they  did  before,  they  mud 
feem  to  meet  in  fome  point,  as  in  I,  nearer  to  the  reflecting  fur¬ 
face  than  A.  For  the  fame  reafon,  the  image  of  the  point  B  will 
be  in  M ;  and  the  whole  image  IM  will  be  lefs  than  the  objeCt  AB. 

Ladly,  let  AB,  fig.  7,  be  an  objeCt  viewed  in  the  concave  mir¬ 
ror  SV.  The  image  of  the  point  A  will  be  feen  in  CA  produced  ; 
and  fince  the  rays  AR  and  AG  will  diverge  lefs  after  reflexion 
than  before,  they  will  not  feem  to  meet  till  they  come  to  a  point 
I,  that  is  more  didant  from  the  reflecting  furface  than  the  point 
A.  For  the  fame  reafon,  the  image  of  the  point  B  will  be  in  M  ; 
fo  that  the  whole  image  IM  will  be  larger  than  the  objeCt  AB, 

There  is  a  remarkable  phenomenon  produced  by  a  concave  mir¬ 
ror,  which  could  not  be  unknown  to  the  antients ;  and  indeed  we 
find  attempts  to  explain  it,  as  of  a  thing  that  had  been  long  ob- 
ferved,  in  the  olded  optical  treadles  that  we  meet  with.  In  the 
treadle  aicribed  to  Euclid  above-mentioned,  it  is  the  fubjeCt  of  the 

29  th 
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29th  theorem  of  the  2d  book.  It  is  the  image  of  an  objeCt  ap¬ 
pearing  between  the  fpeCtator  and  the  mirror,  as  if  it  were  pen¬ 
dulous  in  the  air.  It  is  produced  whenever  the  object  is  placed 
farther  from  the  mirror  than  the  center  of  the  fphere.  For,  in 
this  cafe,  if  any  perfon  will  trace  the  progrefs  of  the  rays,  in  the 
manner  mentioned  above,  he  will  find  that  the  rays  of  each  pen¬ 
cil,  from  every  feparate  point  of  an  object,  will  meet  in  fome  place 
between  the  center  and  the  mirror.  Thus,  let  MI,  fig.  8,  bean  ob¬ 
ject,  from  every  point  of  which  pencils  of  rays  ifiiie,  and  are  re¬ 
ceived  by  the  concave  mirror  SV.  If  the  angles  of  incidence 
and  reflexion  be  made  equal,  they  will  all  come  to  their  foci  at 
AB.  Here,  therefore,  will  be  an  image  of  the  object ;  and  an 
eye  properly  fituated  may  fee  it  in  the  air.  If  a  perfon  go  nearer, 
to  view  it  more  attentively,  it  will  not  fly  from  him  ;  and  though 
it  hath  the  appearance  of  a  folid  fubflance,  yet  if  he  attempt  to 
lay  hold  on  it,  he  will  find  nothing.  This  curious  image  will  be 
inverted  with  refpeCt  to  the  object,  becaufe  the  rays  which  iflue 
from  M  will  be  collected  in  B,  and  thofe  from  I  in  A,  each  on 
the  oppofite  fide.  The  magnifying  power  of  concave  mirrors  is 
mentioned  both  by  Seneca  and  Pliny. 

It  appears  from  a  circumftance  in  the  hiftory  of  Socrates,  that 
the  effeCts  of  burning  glajjes  had  alfo  been  obferved  by  the  anti- 
ents  ;  and  as  it  is  probable  that  the  Romans  had  a  method  of 
lighting  their  facred  fire  by  means  of  reflecting  concave  fpecu- 
lums,  it  feems  to  have  been  known  pretty  early,  that  there  is  an 
increafe  of  heat  in  the  place  where  rays  of  light  meet,  when  they 
are  reflected  from  a  concave  mirror.  The  burning  power  of  con- 
cave  mirrors  is  taken  notice  of  by  Euchd,  in  the  fecond  book  of 
the  treatife  above-mentioned,  theorem  31.  If  we  give  but  a  final  1 
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written  concerning  the  exploits  of  Archimedes,  we  fhall  be  in¬ 


duced  to  think  that  he  made  great  ufe  of  this  principle,  in  con- 
ffrudling  fome  very  powerful  burning  mirrors  ;  but  nothing  being 
faid  of  other  perfons  making  ufe  of  his  inventions,  the  whole 


account  is  very  doubtful.  It  is  allowed,  however,  that  this  emi¬ 
nent  geometrician  did  write  a  treatife  on  the  fubjedt  of  burning 
mirrors,  though  it  be  not  now  extant. 


B.  Porta  fuppofes*  that  the  burning  mirrors  of  the  antients 
were  of  metal,  in  the  form  of  a  fedfion  of  a  parabola.  It  follows 


from  the  properties  of  this  curve,  that  all  the  rays  which  fall  upon 
it,  parallel  to  its  axis,  will  meet  in  the  fame  point  at  the  focus. 
Confequently,  if  the  vertex  of  the  parabola  be  cut  off,  as  in  fig. 
9,  it  will  make  a  convenient  burniilg  mirror.  In  fome  drawings 
of  this  inflrument  the  fruflum  is  fo  fmall,  as  to  look  like  a  ring. 
With  an  instrument  of  this  kind,  it  is  thought,  that  the  Romans 
lighted  their  facred  fire.  Some  have  alfo  thought,  that  this  was 
the  form  of  the  mirror  with  which  Archimedes  burned  the  Roman 
fleet;  ufing  either  a  lens,  to  throw  the  rays  parallel,  when  they  had 
been  brought  to  a  focus,  or  applying  a  fmaller  parabolic  mirror  for 
this  purpofe,  as  is  reprefented  fig.  1  o,  which  is  copied  from  Bet- 
tinus’s  ApiariaVol.  7.  Catoptrics  p.41 .  But  Dechales  fhowsthat 
it  is  impoffble  to  convey  any  rays  in  a  diredtion  parallel  to  one  ano¬ 
ther,  except  thofe  that  come  from  the  fame  point  in  the  fun’s  difk.  T 
We  find  nothing  on  the  fubjedt  of  op  ticks  from  the  time  of 
Euclid  to  Seneca,  who  repeats  the  crude  fentiments  of  Ariflotle 
together  with  fome  of  his  own,  concerning  the  rainbow ;  as  that 


*  Natural  Magic.  Lib.  17.  Cap.  14.  15.  f  Curfus  Mathematicus,  Vol.  3.  p.  722. 
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the  circular  figure  both  of  this  phenomenon,  and  alfo  of  the  halo, 
is  occalioned  by  the  motion  communicated  to  the  atmofphere,  and 
the  vapours  it  contains,  by  die  impulfe  of  the  light  ;  the  effed 
of  which,  he  fays,  muft  neceffarily  be  circular,  juft  as  the  waves 
fpread  in  a  circular  manner  from  the  place  where  a  ftone  is  thrown 
into  a  ftill  lake.  * 

The  rainbow,  he  fays,  is  the  image  of  the  fun  refleded  from 
a  hollow  and  moift  cloud.  It  is  a  bad  image  on  account  of  the 
nature  and  figure  of  the  fpeculum,  and  it  is  of  different  colours, 
becaufe  part  of  them  come  from  the  fun,  and  part  from  the  cloud 
itfelf.  The  mixture  of  colours  from  thefe  two  fources  produce, 
as  he  thought,  all  the  varieties  in  the  colour  of  the  rainbow,  -f* 
The  drops  of  water  made  by  the  dafliing  of  an  oar,  he  fays,  fall 
too  quick  to  give  a  perfed  image  of  the  fun.  §  That  the  image 
of  the  fun  is  much  enlarged,  and  diftorted  in  the  clouds  is,  he 
fays,  no  wonder  ;  it  being  the  nature  of  many  fpeculums  to  pro¬ 
duce  the  fame  effed.  He  likewife  obferves  that,  in  water  every 
thing  is  feen  larger,  and  therefore,  that  it  cannot  be  furprizing 
that  this  image  of  the  fun  ftiould  be  fo  large ;  fince  it  is  refled- 
ed  from  a  moift  cloud,  which  partakes  both  of  the  nature  of  glafs 
and  of  water.  J 

Heliodorus  Lariffeus,  a  writer  of  an  uncertain  age,  but  pos¬ 
terior  to  Tiberius,  of  whom  he  makes  mention,  was  of  opinion 
that  vifion  is  performed  by  the  emifiion  of  light  from  the  eye, 
in  which  refped,  he  fays,  it  refembles  the  fun  ;  vifuai  rays  and 
folar  rays  being  refleded  in  the  fame  manner.  Thefe  affertions 
he  thinks  are  lufiiciently  evident  from  the  very  form  of  the  eye, 

*  Qu.  Nat.  Cap.  29.  f  lb.  Cap.  3.  §  lb.  Cap.  5.  t  lb.  Cap.  6. 
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which,  being  protuberant,  is  by  no  means  formed  for  the  reception 
of  any  thing,  and  from  the  cortiideration  of  fome  animals  being 


able  to  fee  in  the  dark.  * 

,  i  f  ,  (  .  *  »  \  -  f  »  f  t  ...  _  '  ' 

A  treatife  of  opticks  written  by  the  famous  Ptolemy,  who 
lived  i^o  years  after  Chrift,  is  loft;  but,  from  the  accounts  of 


others,  we  find,  that  he  treated  of  aftronomical  refractions. 
Though  refraCtion  in  general  had  been  obferved  very  early,  it  is 
poiiible  that  it  might  not  have  occurred  to  any  philofophers  much 
before  his  time,  that  the  light  of  the  fun,  moon,  and  ftars  muft 
undergo  a  limilar  refraCtion,  in  confequence  of  falling  obliquely 
upon  the  grofs  atmofphere  that  furrounds  the  earth ;  and  that 
they  muft,  by  that  means,  be  turned  out  of  their  rectilinear  courfe, 
fo  as  to  caufe  thofe  luminaries  to  appear  higher  in  the  heavens 
than  they  would  otherwife  do.  The  firft  aftronomers  were  not 
aware  that  the  intervals  between  ftars  appear  lefs  near  the  hofizon 
than  in  the  meridian,  and,  on  this  account,  they  muft  have  been 
much  embarrafted  in  their  obfervations.  But  it  is  evident  that 
Ptolemy  was  aware  of  this  circumftance,  by  the  caution  that  he 
he  gives  to  allow  fomethiilg  for  it,  upon  every  recourfe  to  anti- 
ent  obfervations.  -f* 

This  philofopher,  alfo,  advances  a  very  fenfible  hypothefis  to 
account  for  the  remarkably  greater  apparent  fize  of  the  fun  and 
moon  when  feen  near  the  horizon.  The  mind,  he  fays,  judges 
of  the  fize  of  objects  by  means  of  a  pre-conceived  idea  of 
their  diftance  from  us  ;  and  this  diftance  is  fancied  to  be  greater 
when  a  number  of  objects  are  interpofed  between  the  eye  and  the 
body  we  are  viewing  ;  which  is  the  cafe  when  we  fee  the  hea¬ 
venly  bodies  near  the  horizon.  §  In  his  Almageft,  however. 


* 

*  Lib.  I.  Cap.  i,  2,  3,  13.  f  Smith’s  Opticks.  Remarks  p.  54. 

§  Montucla’s  Hiftoire  des  Mathemati^ues,  Vol.  1.  p*  309. 
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he  afcribes  this  appearance,  to  a  refradtion  of  the  rays  by 
vapours,  which  actually  enlarge  the  angle  under  which  the  lu¬ 
minaries  appear,  juft  as  the  angle  is  enlarged  by  which  an  objedt 
is  feen  from  under  water.  *  But  we  fhall  fee  much  more  light 
thrown  upon  this  fubjedt  in  the  laft  period  of  this  hiftory. 

After  Ptolemy  we  find  another  great  chafm  in  the  hiftory  of 
opticks,  which,  together  with  other  branches  of  mathematicks 
and  philofophy,  were  cultivated  chiefly  by  the  Arabs,  during  the 
dark  ages  of  Europe.  The  firft  optical  writer  of  this  nation, 
that  we  have  any  account  of,  is  A1  Farabi,  who  flouriftied  900 
years  after  Chrift,  and  of  his  work  we  know  nothing.  In  A.  D.  * 
1000,  Ebn  Haithem  wrote  more  largely  on  this  fubjedt,  treating 
diftindtly  of  direct,  reflected,  and  refradted  vifion,  and  alfo  of 
burning  mirrors.  But  this  treatife  is  alfo  loft. 

The  only  work  that  remains  to  us  of  the  Arabian  philofophers 
is  that  of  Alhazen,  who  flouriftied  in  the  1 2th  century ;  and  his 
treatife  of  opticks  is,  indeed,  well  worth  our  notice,  as  it  difi* 
covers  a  great  deal  of  attention  to  the  fubjedt.  He  gives  a  to¬ 
lerable  defcription  of  the  eye,  and  difcourfes  largely  concerning 
the  nature  of  vifion  ;  maintaining  that  the  cryftalline  humour  is 
of  principal  ufe  for  this  purpofe,  but  without  confidering  it  as  a 
lens ;  and  afterting  that  vifion  is  not  completed,  till  the  ideas  of 
external  objedts  are  conveyed  by  the  optic  nerves  to  the  brain,  p. 
8,  &c.  He  accounts  for  fingle  vifion  by  two  eyes,  by  fuppofing 
that  when  two  correfponding  parts  of  the  retina  are  affedted,  the 
mind  perceives  but  one  image,  p.  29.  And  he  treats  very  largely 
of  optical  deceptions ,  both  in  diredt  vifion,  and  alfo  in  vifion  by 
refledted  and  refradted  light. 


*  Robins’s  Tracts,  Vol.  2,  p.  233. 
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Alhazen  feems,  particularly,  to  have  been  more  inquifitive  into 
the  nature  of  refradtion  than  the  more  antient  writers  ;  in  fo 
much  that,  having  made  experiments  upon  it  at  the  common 
furface  between  air  and  water,  air  and  glafs,  water  and  glafs  or 
cryftal  ;  and,  being  prepofleffed  with  the  antient  opinion  of  cry- 
ftalline  orbs  in  the  regions  above  the  atmofphere,  he  even  fuf- 
pedted  a  refradtion  there  alfo,  and  fancied  that  he  could  prove  it 
by  aftronomical  obfervations.  This  author  deduces  from  hence 
feveral  properties  of  atmofpherical  refradtion,  as  that  it  increafes 
the  altitudes  of  all  objedts  in  the  heavens  ;  and  he  firft  advanced 
that  the  ftars  are  fometimes  feen  above  the  horizon  by  means  of 
refradtion,  when  they  are  really  below  it.  This  obfervation  was 
confirmed  by  Vitellio,  B.  Waltherus,  and  efpecially  by  the  ex- 
quifite  obfervations  of  Tycho  Brahe.  *  Alhazen  obferved  that 
refradtion  contradts  the  diameters  and  diftances  of  the  heavenly 
bodies,  and  that  it  is  the  caufe  of  the  twinkling  of  the  ftars. 
But  we  do  not  find  that  either  he,  or  his  follower  Vitellio,  knew 
any  thing  of  its  juft  quantity.  Indeed  it  is  too  fmall  to  be  de¬ 
termined  except  by  very  accurate  inftruments,  and  therefore  we 
hear  little  more  of  it  till  about  the  year  1 500 ;  at  which  time 
great  attention  was  paid  to  it  by  Bernard  Walther,  Maeftlin,  and 
others,  but  chiefly  by  Tycho  Brahe.  *f* 

Alhazen  fuppofed  that  the  refradtion  of  the  atmofphere  did  not 
depend  upon  the  vapours  in  it,  as  was  probably  the  opinion  of 
philofophers  before  his  time,  but  on  the  different  tranfparency, 
by  which,  as  Montucla  conjedtures,  he  meant  the  denfity  of  the 
grofs  air  contiguous  to  the  earth,  and  the  asther,  or  fubtle  air, 
that  lies  beyond  it. 

t  Smith’s  Opticks.  Remarks,  p.  58,  59. 


*  Kepleri  Paral.  p.  15a. 
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In  examining  the  effects  of  refradtion,  he  endeavours  to  prove 
that  it  is  fo  far  from  being  the  caufe  of  the  heavenly  bodies  appear¬ 
ing  larger  near  the  horizon,  that  it  would  make  them  appear  lefs  ; 
two  flars,  he  fays,  appearing  nearer  together  in  the  horizon, 
than  near  the  meridian.  * 

This  phenomenon  he  ranks  among  optical  deceptions.  We 
judge  of  diflance,  he  fays,  by  comparing  the  angle  under  which 
objects  appear  with  their  fuppofed  diflance ;  fo  that,  if  thofe 
angles  be  nearly  equal,  and  the  diflance  of  one  objedt  be  conceiv¬ 
ed  to  be  greater  than  that  of  the  other,  it  will  be  imagined  to 
be  the  larger.  And  the  fky  near  the  horizon,  he  fays,  is  always 
imagined  to  be  farther  from  us  than  any  other  part  of  the 
concave  furface,  p.  202.  Roger  Bacon  afcribes  this  account  of 
the  horizontal  moon  to  Ptolemy,  and  as  fuch,  it  is  examined, 
and  objected  to  by  B.  Porta,  ■j- 

In  the  writings  of  this  philofopher,  we  find  the  firft  diftindt 
account  of  the  magnifying  power  of  glafles,  and  it  is  not  impro¬ 
bable,  but  that  what  he  wrote  upon  this  fubjedt  gave  rife  to  that 
moft  ufeful  invention  of  fpedlacles.  For  he  fays  that,  if  an  ob- 
jedt  be  applied  clofe  to  the  bafe.  of  the  larger  fegment  of  a  fphere 
of  glafs,  it  will  appear  magnified.  He  alfo  treats  of  the  appear¬ 
ance  of  an  objedt  through  a  globe  ;  and  he  fays  that  he  was  the 
firft  who  obferved  the  refradtion  of  rays  into  it.  § 

Montucla  fays,  J  that  this  writer  is  by  no  means  exadt  in  his 
rules  concerning  the  laws  of  refradtion,  the  foci  of  glafs  fpheres, 
or  the  apparent  fize  of  objedts  feen  through  them  and  Saverien 
obferves,[|  that  his  demonftrations  arefo  embarafied,  that  it  is  dif- 

*  Montucla,  Vol.  1.  p.  352.  f  De  Refraftione,  p.  24,  128.  §  Smith’s  Op  ticks. 

Remarks,  p.  15,  J  Hiftoire,  p.625.  ||  lb.  p,  242, 
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ficult  to  underftand  him.  I  will  add,  that  his  method  of  writing 
is  exceedingly  prolix,  and  that  he  abounds  with  Ariftotelian  fub- 
tlety  and  refinement. 

Vitellio,  a  native  of  Poland,  took  great  pains  to  illullrate  Al- 
hazen’s  opticks,  in  a  treatife  publifhed  in  1270.  It  contains  al- 
molt  every  thing  that  is  valuable  in  that  of  Alhazen,  and  is  di- 
gefted  in  a  much  more  metnodical  and  intelligible  manner.  He 
takes  particular  notice  of  the  light  that  is  loft  by  reflexion  and 
refradtion,  in  confequence  of  which  all  objedts  appear  lefs  lumi¬ 
nous  y  but  he  does  not  pretend  to  eftimate  the  quantity  of  it.  * 
The  refult  of  his  experiments  on  the  refradtive  powers  of  air, 
water,  and  glafs,  correfponding  to  different  angles  of  incidence, 
he  reduced  into  a  table.  -j- 

In  his  account  of  the  horizontal  moon,  he  agrees  exadtly  with 

r 

Alhazen,  obferving  that,  in  the  horizon,  the  fky  feems  to  touch 
the  earth,  and  appears  much  more  diftant  from  us  than  in  the 
zenith,  on  account  of  the  intermediate  fpace  containing  a  greater 
variety  of  objedts,  upon  the  vifible  furface  of  the  earth.  § 

This  author  afcribes  the  twinkling  of  the  ftars  to  the  motion 
of  the  air,  in  which  the  light  is  refradted  ;  and  to  illuftrate  this 
hypothefis,  he  obferves  that  they  twinkle  ftill  more,  when  they 
are  viewed  in  water  put  into  motion.  J 

He  fhews  that  refradtion,  as  well  as  reflexion,  is  neceflfary  to 
form  the  rainbow  j  becaufe  the  body  which  the  rays  fall  upon  is 
a  tranfparent  fubftance,  at  the  furface  of  which,  one  part  of  the 
light  is  always  refledted,  and  another  refradted.  But  he  feems  to 
confider  the  refradtion  as  ferving  only  to  condenfe  the  light,  and 
thereby  enabling  it  to  make  a  ftronger  impreflion  upon  the  eye.  || 

*  Optica,  p.  190,  414.  t  lb.  p.  412.  §  lb.  p.  124,  442.  Jib.  449.  ||  lb.  p.  458. 
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After  much  obfervation,  he  defines  the  colours  of  the  rainbow 
to  be  three ;  but  with  Seneca,  he  fuppofes  them  to  be  produced 
by  a  mixture  of  the  brightnefs  of  the  fun’s  light,  with  the  black- 
nefs  of  the  cloud  from  which  it  is  reflected ;  in  the  fame  man¬ 
ner  as  the  colours  of  all  bodies  feen  by  reflexion  are  tinged  with 
the  colour  of  the  reflecting  furface.  *  He  makes  many  other  ob- 
fervations  on  the  rainbow,  particularly,  on  the  height  of  it, 
with  refpedt  to  that  of  the  fun  ;  by  which  he  demonftrates  that, 
in  fome  countries,  a  rainbow  cannot  be  feen  at  midday,  namely, 
when  the  fun  is  higher  than  the  femi-diameter  of  the  bow,  the 
centers  of  the  fun  and  of  the  bow  being  always  in  a  right  line 
that  pafles  through  the  eye  of  the  fpe&ator.  Some,  fays  he, 
have  obferved  that  the  height  of  the  bow  and  of  the  fun  toge¬ 
ther  are  always  juft  42  degrees  ;  but  he  contends  that  the  refraCtion, 
of  the  atmofphere  will  make  fome  fmall  difference  in  this  cafe,  -f* 

As  this  writer  had  fo  very  imperfedl  a  knowledge  of  the  rain¬ 
bow,  it  is  not  worth  my  while  to  recite  his  obfervations  on  Halo’s, 
and  parhelia,  to  the  explication  of  which  he  and  his  predecef- 
fors  were  ftill  more  unequal. 

This  philofopher  contrived  to  exhibit  colours  Jimilar ,  as  he 
calls  them,  to  thofe  of  the  rainbow,  in  a  circular  glafs  veflel 
full  of  water.  For,  laying  a  piece  of  white  paper  under  fuch  a 
veflel,  expofed  to  the  rays  of  the  fun,  he  obferved  that  it  was  ting¬ 
ed  with  fuch  colours,  which,  he  fays,  are  more  beautiful  when 
the  veflel  is  wetted  on  the  outfide.  But  thefe,  he  fays,  are  not  the 
fame  colours  with  thofe  of  the  rainbow,  becaufe  they  are  not  in 
the  fame  number,  and  do  not  come  to  the  eye  by  reflexion,  but 
are  feen  by  direCt  vifion,  in  the  fame  manner  as  light  itfelf,  or  any 


*  Optica,  p.  461. 


f  lb.  p.  471. 
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other  colours.  This  is  plainly  a  very  inadequate  defcription  of 
this  appearance,  and  his  reafoning  upon  it,  fhews  how  very  little 
was  underhood  of  this  fubjedt,  in  his  time.  He  doth  not  feem 
to  be  aware  that  the  circular  form  of  his  veflel  was  not  a  necef- 
fary  circumhance  in  the  experiment.  * 

Vitellio  makes  fome  ingenious  attempts  to  explain  refradtion, 
or  to  afcertain  the  law  of  it.  He  alfo  confiders  the  foci  of  glafs 
fpheres,  and  the  apparent  fize  of  objedts  feen  through  them  4 
but  Montucla  fays,  §  that  he  is  not  at  all  exadt  upon  any  of  thefe 
fubjedts. 

B.  Porta  thinks  Vitellio  to  be  almoh  always  wrong  when  he 
departs  from  Alhazen,  whofe  ape  he  calls  him.  'f  This  he  ob- 
ferves  with  refpedt  to  his  mihake  concerning  the  place  to  which 
the  rays  of  the  fun  would  be  refradted  in  a  glafs  globe.  For  Vi¬ 
tellio  afierts  that,  becaufe  the  focus  of  the  perpendicular  rays 
will  be  the  center,  its  greateh  power  will,  probably  be  there  ; 
and  becaufe  an  experiment  of  its  burning  power  could  not  be 
made  in  that  place,  he  wifhed  that  a  hemifphere,  or  a  hill  lefs 
portion  of  a  fphere  might  be  made,  in  order  to  make  the  trial. §§ 

But  Porta  fhould  have  done  Vitellio  the  juhice  to  obferve,  that 
he  at  the  fame  time  demonhrates  the  pofiibility  of  firing  bodies 
placed  beyond  the  fphere,  by  the  rays  of  the  fun  tranfmitted 
through  it.  J  It  is  fufficient  to  fhew  the  hate  of  knowledge,  or 
rather  of  ignorance  in  thefe  times,  that  both  Vitellio  and 
his  maher  Alhazen,  endeavour  to  account  for  objedts  appearing 
larger,  when  they  are  feen  under  water,  by  the  circular  figure  of  its 
furface  ;  fince,  being  fluid,  it  conforms  to  the  figure  of  the  earth.  j| 

*  Optica,  p.  474.  §  Hiftoire,  Vol.  1,  p.  625.  f  De  Refrattione,  p.  76.  §§  lb.  p.  64. 

J  Optica,  p.  443.  ||  Alhazen’s  Optics,  p.  276.  Vitellio’s,  p.  440. 
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Ten  years  after  the  publication  of  Vitellio’s  work,  Peccam, 
Archbifhop  of  Canterbury,  wrote  a  treatife  of  dire 51  opticks, 
which  was  then  called  perjpedlive ,  by  which  was  underflood  vi- 
lion  without  reflexion  or  refraction ;  but  it  does  not  appear  that 
he  made  any  addition  to  the  flock  of  optical  knowledge.  His 
treatife  is  concife  and  judicious,  and  among  other  things  it  con¬ 
tains  a  very  clear  and  diflinCl  account  of  the  reafomwhy  the  fky 
near  the  horizon  appears  more  diflant  from  us  than  it  does  at  any 
other  place,  p.  20. 

Cotemporaiy  with  Vitellio  and  Peccam  was  our  countryman 
Roger  Bacon,  a  man  of  an  almofl  univerfal  genius,  and  who 
wrote  upon  almofl  every  branch  of  fcience.  He  frequently 
quotes  Alhazen  on  the  fubjeCt  of  opticks,  and  feems  to  have  care¬ 
fully  fludied  his  writings,  as  well  as  thofe  of  other  Arabians, 
which  were  the  fountains  of  natural  knowledge  in  thofe  days, 
and  which  had  been  introduced  into  Europe  by  means  of  the 
Moors  in  Spain.  Notwithflan ding  the  pains  this  great  man  took 
with  the  fubjeCt  of  opticks,  it  does  not  appear  that,  with  re- 
fpeCt  to  theory,  he  made  any  conliderable  advance  upon  what 
Alhazen  had  done  before  him. 

Great  as  Bacon  undoubtedly  was,  he  was  far  from  being  free 
from  the  miflakes  and  prejudices  of  thofe  who  went  before  him. 
Even  fome  of  the  wildefl  and  mofl  abfurd  opinions  of  the  anti- 
ents  have  the  fanClion  of  his  approbation  and  authority.  He 
does  not  hefitate  to  aflent  to  an  opinion,  adopted  by  many  of  the 
antients,  and  indeed  by  mofl  philofophers  till  his  time,  that 
vifual  rays  proceed  from  the  eye  ;  giving  this  reafon  for  it,  that 
every  thing  in  nature  is  qualified  to  difcharge  its  proper  functions 
by  its  own  powers,  in  the  fame  manner  as  the  fun,  and  other 

celcflial. 
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celeftial  bodies.*  He  acknowledges,  however,  that  the  prefence 
of  light,  as  well  as  feveral  other  circumftances,  is  neceifary  to 
vifion.  T 

In  his  Specula  Matbematica  he  endeavoured  to  folve  the  pro¬ 
blem  of  Alhazen,  concerning  the  foci  of  fpherical  mirrors,  and 
added  fome  obfervations  on  the  refradtion  of  the  light  of  the 
ilars,  on  the  apparent  fize  of  objedts,  on  the  extraordinary  fize  of 
the  fun  and  moon  in  the  horizon,  and  upon  of  the  roundnefs  the 
image  of  the  fun  made  by  rays  of  light  palling  through  an  an¬ 
gular  aperture  $  a  phenomenon  which  had  employed  Ariilotle  and 
his  difciples.  But  on  all  thefe  fubjedts  Bacon  did  very  little 
more  than  his  mailer,  and  what  he  advances  concerning  them  is 
not  very  exadt.  § 

In  his  Opus  Majus  he  demonilrates,  that  if  a  tranfparent  body 
interpofed  between  the  eye,  and  an  objedt  be  convex  towards  the 
eye,  the  objedt  will  appear  magnified.  This  obfervation 
our  author  certainly  had  from  Alhazen,  from  whom  I  have  al¬ 
ready  quoted  it.  He  only  recommends  the  fmaller  fegment  of 
a  fphere,  whereas  Alhazen  prefers  the  larger,  for  which,  as  Dr. 
Smith  obferves,  he  had  good  reafon.  There  can  hardly  be  any 
doubt,  however,  but  that  Bacon  had  feen  objedts  magnified  with 
his  lefier  fegment  of  a  fphere.  It  is  not,  in  the  leail  degree, 
probable,  that  any  perfon  ihould  conjedture  fo  much  from  fpe- 
culation  only.  Optical  knowledge  was  then  too  much  in  its 
infancy  for  this  purpofe.  Befides,  this  writer  gives  us  figures, 
reprefenting  the  progrefs  of  rays  of  light  through  his  fpherical 
fegment,  as  well  as  endeavours  to  give  reafons  why  objedts  are 

*  Opus  Majus,  p.  289.  f  lb.  p.  290.  §  Saverien’s  Hiltoire,  p.  244. 
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magnified  by  it.  Thefe  I  fhall  recite  from  himfelf,  but  not  ex-  - 
adtly  in  his  own  words. 

Let  the  objedt  to  be  viewed,  be  fuppofed  to  be  placed  beyond 
the  fegment  of  the  fphere,  fig.  1 1  ;  and  the  rays  ififuing  through 
the  glafs,  at  b  and  m,  will  be  refradted,  fo  as  to  make  the  image 
in  the  eye  equal  to  gr ,  and  larger  than  ac>  which  it  would  have 
been  without  the  glafs. 

The  miftakes  that  he  makes  in  his  reafoning  upon  this  fubjedl* 
feem  to  fhew  that  he  wrote  from  obfervation.  When  the  ob¬ 
jedt,  he  fays,  is  placed  nearer  to  the  eye  than  the  center  of  the  glafs 
(in  confequence  of  its  being  a  lefler  fegment  of  the  iphere)  and 
the  convex  fide  of  the  glafs  is  towards  the  eye,  every  thing  con¬ 
curs  to  magnify  it.  For  the  angle  under  which  it  is  feen  is  great¬ 
er,  the  image  is  larger,  and  the  place  of  the  image  is  nearer. 
And  therefore,  fays  he,  this  infiirument  ( injirumentum )  is  ufeful 
to  old  perfons,  and  thofe  who  have  weak  eyes.  For  by  the  help 
of  it  they  may  fee  the  fmallefi:  letters  fufiiciently  large.  But,  fays 
he,  if  a  larger  fegment  of  a  fphere,  or  only  one  half  of  it  be 
made  ufe  of ;  then,  indeed,  the  angle  of  vifion  is  greater,  and  the 
image  is  larger,  but  it  is  not  fo  near,  lying  beyond  the  objedt.  * 

From  the  writings  of  Alhazen  and  thefe  obfervations  and  ex¬ 
periments  (as  I  mutt  call  them)  of  Bacon  together,  it  is  not  im¬ 
probable  that  fome  monks  gradually  hit  upon  the  conftrudtion  of 
fpedtacles,  to  which  Bacon’s  lefier  fegment,  notwithftanding  his 
miftake  concerning  it,  was  a  nearer  approach  than  Alhazen’s  larger 
one.  Whoever  they  were  that  purfued  the  difcoveries  of  Bacon, 
they  probably  obferved,  that  a  very  fmall  convex  glafs,  when 
held  at  a  greater  diilance  from  the  book,  would  magnify  the  let- 


*  Opus  Majus,  by  Jebb,  p.  352, 
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ters  more  than  when  it  was  placed  clofe  to  them,  in  which  po¬ 
rtion  only  Bacon  feems  to  have  ufed  it.  In  the  next  place,  they 
might  try  whether  two  of  thefe  fmall  fegments  of  a  fphere  placed 
together,  or  a  glafs  convex  on  both  lides,  would  not  magnify 
more  than  one  of  them.  They  would  then  find,  that  two  of 
thefe  glades,  one  for  each  eye,  would  anfwer  the  purpofe  of  read¬ 
ing  better  than  one ;  and  laftly  they  might  find,  that  different 
degrees  of  convexity,  fuited  different  perfons. 

It  is  certain  that  fpedlacles  were  well  known  in  the  13th  cen¬ 
tury,  and  not  long  before.  It  is  faid  that  Alexander  Spina,  a 
native  of  Pifa,  who  died  in  1313,  and  who  was  very  ingenious 
in  executing  whatever  he  faw  or  heard  of,  as  having  been  done 
by  others,  happened  to  fee  a  pair  of  fpedtacles  in  the  hands  of  a 
perfon  who  would  not  explain  them  to  him,  but  that  he  fucceed- 
ed  in  making  a  pair  for  himfelf,  and  immediately  made  the  con- 
ftrudtion  public,  for  the  good  of  others.  *  I,  alfo,  find  that  it 
is  infcribed  on  the  tomb  of  Salvinus  Armatus,  a  nobleman  of 
Florence,  who  died  1317,  that  he  was  the  inventor  of  fpedtacles  ; 
but  this  is  the  only  authority  that  I  have  met  with  for  the  fadl.-j- 
It  is  pretty  evident,  from  Vitellio’s  want  of  a  hemifphere,  or  a 
lefs  portion  of  a  fphere  of  glafs,  as  was  mentioned  above,  that 
he  was  not  acquainted  with  fpedtacles. 

It  would  certainly  have  been  a  great  fatisfadlion  to  us  to  have 
been  able  to  trace  all  the  adtual  fleps  in  the  progrefs  of  this  mofl 
ufeful  invention,  without  which  mofl  perfons  who  have  a  tafle 
for  reading  muft  have  had  the  melancholy  profpedt  of  pafii ng  a 
very  dull  and  joylefs  old  age ;  and  mufi;  have  been  deprived  of 
the  pleafure  of  entertaining  themfelves  by  converfing  with  the 

*  Smith’s  Op  ticks.  Remarks,  p.  12.  f  Mufchenbroeck’s  Introduft.  Vol.  2,  p.  786. 
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ablent  and  the  dead,  when  they  were  no  longer  capable  of  act¬ 
ing  their  part  among  the  living.  Telefcopes  and  micro fcopes 
are  to  be  numbered  among  the  fuperfluities  of  life  when  com¬ 
pared  with  fpeCtacles,  which  may  now  be  ranked  almoft  among 
the  neceflaries  of  it  fince  the  arts  of  reading  and  writing  are  al¬ 
moft  univerfal. 

The  ufe  of  concave  glafles,  to  help  thofe  perfons  who  are  fhort 
lighted,  was,  probably,  a  difcovery  that  did  not  follow  long  af¬ 
ter  that  of  convex  ones,  for  the  relief  of  thofe  whofe  light  is  de¬ 
fective  in  the  contrary  extreme,  though  we  find  no  trace  of  this 
improvement.  At  leaft  Maurolycus,  who  is  the  firft  philofopher 
that  makes  his  appearance  in  the  next  period  of  our  hiftory,  ex¬ 
plains  the  ufe  of  both  kinds  of  glafles  in  their  refpeCtive  applica¬ 
tions.  Whoever  made  this  difcovery,  it  was,  probably,  the  re- 
fult  of  nothing  more  than  a  random  experiment.  Perhaps  a  per- 
fon  who  was  fhort  lighted,  finding  that  convex  glafles  did  him 
more  harm  than  good,  had  the  curiofity  to  make  trial  of  a  con¬ 
trary  curvature  of  the  glafs. 

Bacon,  in  his  Opus  Majus,  throws  out  a  happy  thought  con¬ 
cerning  another  advantage  that,  he  imagined,  might  be  drawn  from 
the  doCtrine  of  the  refraCtion  of  light.  For  he  conceived  that 
it  was  poflible,  by  means  fimilar  to  thofe  by  which  fmall  and 
near  objects  are  magnified,  to  bring  remote  objects  nearer,  or 
remove  them  to  greater  diftances  ;  in  fhort,  both  to  enlarge  and 
diminifh  their  dimenfions,  even  ad  infinitum ,  fo  as  to  bring  the 
fun  and  moon  upon  the  earth.  He  even  defcribes  the  method  of 
accomplilhing  this.  He  was  alfo  fatisfied  that  one  might  to  a 
great  advantage  view  objects  in  a  concave  mirror,  how  diftant 
fioever  they  were.  * 

*  Saverien’s  hiftoire,  p.  244. 
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In  thefe  additions  we  clearly  fee  fome  approach  towards  the 
difcovery  both  of  telefcopes  and  microfcopes,  and  confidering 
how  unlikely  it  is  that  a  writer  of  fo  early  an  age  jfhould  have 
been  able  to  have  hit  upon  the  theory  of  thefe  indruments,  by 
any  reafoning  a  priori  ;  when  even  telefcopes  had  actually  been 
ufed  many  years,  before  any  tolerable  account  was  given  of  the 
rationale  of  them,  we  can  hardly  help  concluding,  that  this 
friar  had  actually  put  glades  together,  in  fuch  a  manner  as  to 
have  produced,  at  lead:,  fomething  like  the  effedts  that  he  men¬ 
tions,  though  he  did  not  complete  the  conftrudtion  of  thofe  ad¬ 
mirable  indruments.  Dr.  Smith,  however,  who  had  certainly 
confidered  this  fubjedt,  and  who  mud:  be  allowed  to  have  been 
a  very  good  judge  concerning  it,  is  of  opinion,  that  Bacon  wrote 
only  hypothetically,  without  having  made  any  adlual  trial  of 
the  things  he  mentions.  He  is  led  to  this  concludon  by  ob- 
ferving  that  our  author  mentions  feveral  things,  as  to  be  done 
by  glades,  that  are  abfolutely  impodible.  But  it  is  no  uncom¬ 
mon  thing  for  a  perfon  who  has  done  a  little  towards  any  new 
difcovery,  to  be  too  fanguine  in  his  expedtations  from  it.  There 
is  fome  more  weight,  however,  in  his  obferving  that  Bacon 
makes  no  mention  of  any  particular  trials  that  he  made  of  the 
ufe  of  his  indruments.* 

This  writer  alfo  obferves,  that  perfons  who  have  not  been 
ufed  to  telefcopes  expedt  that  when  they  view  any  objedt,  as  the 
face  of  a  man,  through  a  telefcope  that  magnifies,  ioo  times, 
it  will  appear  even  larger  than  it  does  when  they  are  clofe  to  it ; 
and  he  was  fatisfied  that  this  was  Bacon’s  notion  of  the  matter, 
and  for  this  reafon  he  concludes  that  he  had  never  looked  through 
a  telefcope.  -f 

*  Smith’s  Opticks,  Remarks,  p.  22.  f  lb.  p.  41. 
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From  the  revival  of  letters  in  Europe  to  the  dis¬ 
coveries  of  SNELLIUS  and  DESCARTES. 


SECTION  I. 


Discoveries  in  opticks  independent  of  telescopes 

AND  MICROSCOPES,  AND  BEFORE  THOSE  OF  KEPLER. 


FROM  the  origin  of  philofophy  among  the  Greeks  to 
the  commencement  of  the  period  I  am  now  entering 
upon,  there  were  no  lefs  than  two  thoufand  years.  In  this  long 
interval,  there  was  never  any  failure  of  perfons  who  gave  atten¬ 
tion  to  the  bufinefs  of  philofophy,  though  fome  portions  of  the 
time  were  more  fruitful  in  this  kind  of  literature  than  others ; 
and  the  obfervation  of  the  phenomena  of  nature,  and  the  invefK- 
gation  of  its  powers  always  held  a  confiderable  rank  in  the  efteem 
of  men  of  letters  :  and  yet,  though  I  have  endeavoured  to  make 
the  moll  of  what  remains  concerning  the  knowledge  of  opticks 
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within  this  period,  colleding  from  all  nations  indifcriminately, 
the  reader  has  feen  to  how  little  it  amounts.  Some  important 
obfervations  did  not,  and,  indeed,  could  not  well  efcape  the  notice 
of  the  antients,  and  confequently  we  have  feen  a  foundation  laid 
for  fome  ufeful  branches  of  the  fyftem  of  opticks  ;  but  we  have 
hardly  feen  one  juft  idea  concerning  the  canfe  of  any  appearance, 
nothing  of  the  true  pbilofophy  of  light  or  vifton.  Though  fpeda- 
cles  were  conftruded  towards  the  clofe  of  the  abovementioned 
period,  and  ufed  by  philofophers,  as  much  as  others,  it  was 
fome  centuries,  before  any  fatisfadory  account  was  given  of  their 
nature  and  effeds. 

To  thofe  who  conftder  the  world  as  having  now  arrived  at  its 
ftate  of  perfed  manhood  with  refped  to  fcience,  two  thoufand 
years  muft  appear  a  very  difproportionate  term  of  infancy.  But 
he  who  conftders  that  no  bounds  can  be  fet  to  our  advances  in 
this  kind  of  knowledge  (fince  the  works  of  God  are,  like  their 
author,  infinite)  that  every  new  difcovery  is  but  an  opening  to 
feveral  more,  and,  confequently,  that  the  progrefs  of  real  know¬ 
ledge  may  be  expeded  to  go  on,  not  merely  in  an  uniform  man¬ 
ner,  but  to  be  conftantly  accelerated  ;  and  who  fhall  refled  upon 
the  aftoniftiing  improvements  that  have  been  made  in  this 
branch,  and,  indeed,  in  all  the  branches  of  real  knowledge,  in  lit¬ 
tle  more  than  two  centuries  that  have  elapfed  fince  the  expiration 
of  that  long  period  of  darknefs,  cannot  help  forming  the  moft 
glorious  expedations.  He  will  be  looking  for  new  light  and 
new  fatisfadion  every  day  ;  and,  confldering  what  has  been  done 
in  very  late  years,  together  with  the  increaflng  avidity  with 
which  the  ftudy  of  nature  is  now  purfued,  and  the  greater  num¬ 
bers,  in  all  parts  of  Europe  and  America,  who  are  applying  them- 

felves 


Sec.  I 


MAUROLYCUS. 


3i 


felves  to  it,  he  may  be  almoft  afTured  that  he  will  not  be  dif- 
appointed,  provided  the  fources  of  information  be  eafily  open 
to  him. 

By  the  revival  of  letters  in  Europe,  we  mean,  chiefly,  the 
revival  of  what  is  generally  called  polite  literature ,  which,  at  that 
time  confifted,  principally,  in  the  ftudy  of  the  Greek  and  Latin 
authors  and  antiquities.  But  in  the  fame  age  there  were  not 
wanting  other  perfons,  who  employed  themfelves  in  the  culti¬ 
vation  of  the  more  important  branches  of  knowledge.  One  of 
the  firfl:  who  diftinguilhed  himfelf,  as  a  mathematician  and  phi- 
lofopher,  was  Maurolycus,  teacher  of  mathematics  atMeflina; 
and  to  him  we  are  indebted  for  fome  capital  improvements  in 
the  fcience  of  optics. 

This  writer,  in  his  treatife,  De  Lumine  et  umbra ,  published 
in  1575,  demonflirates  that  the  cryftaline  humour  of  the  eye 
is  a  lens,  that  collects  the  rays  of  light  iflfuing  from  external 
objects,  and  throws  them  upon  the  retina,  where  is  the  focus 
of  each  pencil.  From  this  principle  he  was  led  to  difcover  the 
reafon  why  fome  perfons  are,  what  is  called,  fiort  fighted,  and 
others  long  fighted.  In  the  former  cafe  he  {hews  that  the  pencils 
of  rays  converge  too  fail,  and  come  to  a  focus  before  they  reach 
the  retina.  On  the  other  hand,  he  fhews  that,  in  the  eye  of  a 
Prefbyte,  or  a  perfon  who  is  long  fighted,  thofe  pencils  do  not 
converge  fail  enough  ;  fo  that  the  foci  are  beyond  the  retina ; 
and  that  in  both  thefe  cafes  vifion  is  indiftind:.  From  the  fame 
principles  he  difcovered  the  reafon  why  fhort-fighted  perfons  are 
relieved  by  concave  glafles,  and  long-fighted  perfons  by  convex 
ones.  *  A  concave  lens  makes  the  rays  diverge  more  before  they 
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*  Montucla’s  Hiftoire,  Vol.  1,  p.  626. 
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enter  the  pupil  of  the  eye,  and  confequently  makes  it  more  dif¬ 
ficult  for  them  to  converge  fo  fafi:  as  they  would  have  done  be¬ 
fore,  after  paffing  the  cryftaline  humour,  whereas  a  convex  lens 
makes  the  rays  converge  more,  and  fafler  than  they  would  other- 
wife  have  done. 

It  is  furprizing  that  the  perfon  who  difcovered  the  proper  ufe 
of  the  cryftaline  humour,  as  a  lens,  to  collect  the  rays  of  light ; 
and  to  bring  every  pencil  that  enters  the  eye  to  its  proper  focus, 
fhould  not  have  advanced  what  is,  indeed,  in  reality,  hardly  a 
ftep  farther,  and  have  found  that,  by  this  means,  the  rays  of 
light  ilfuing,  in  pencils,  from  every  point  of  an  object,  make  a 
real  image  of  it  upon  the  retina.  But  he  does  not  feem  to  have 

been  acquainted  with  this  circumftance  relating  to  the  theory  of 

■ 

vifion.  Montucla  conjectures  that  he  was  prevented  from  com¬ 
ing  to  this  conclufion  by  the  difficulty  of  accounting  for  objeCts 
appearing  upright,  when  their  images,  made  by  rays  of  light  up¬ 
on  the  retina,  muft  be  inverted.  Even  Kepler,  who  made  this 
difcovery,  was  very  near  miffing  it  on  the  fame  account. 

To  make  thefe  difcoveries  concerning  the  nature  of  vifion  in¬ 
telligible  to  my  younger  readers,  I  muft,  in  this  place,  give  fo 
much  of  the  defcription  of  the  eye  as  may  be  neceffary  for  this 
purpofe.  This  inflrument  of  vifion,  reprefented  in  fig.  12,  is 
nearly  in  the  form  of  a  fphere,  divided  into  three  different  cavi¬ 
ties,  which  are  filled  with  what  are  generally  called  humoursy 
though  only  two  of  them  are  liquid.  The  eye  has  alfo  three 
coats ,  or  integuments  ;  of  which  the  outermoft,  aa,  is  called  the 
fcleroticay  and  is  very  thick  and  ftrong,  arid  the  fore  part  of  it, 
A  A,  called  the  cornea ,  is  tranfparent,  and  at  the  fame  time  a  lit¬ 
tle  protuberant.  The  next,  cc,  called  the  cboroides ,  has  a  per¬ 
foration 
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foration  at  pp ,  which,  being  vifible  through  the  tranfparent  cor¬ 
nea,  is  called  the  pupil.  The  reft  of  the  choroides  bp ,  bp,  which 
lies  under  the  cornea,  is  differently  coloured  in  different  perfons, 
and  is  called  the  iris .  It  confifts  of  mufcular  fibres,  fome  of 
which  are  circular,  and  others  crofling  them  at  right  angles ;  by 
the  former  of  which  the  pupil  is  contracted,  and  by  the  latter 
dilated. 

At  a  fmall  diftance  beyond  the  pupil,  there  is  fufpended  a  foft 
but  tranfparent  fubftance,  CC,  in  the  form  of  a  double  con¬ 
vex  lens,  called  the  cryfialline  humour  and  the  ligaments  /  /,  by 
which  it  is  fufpended,  are  called  ligamenta  ciliaria ,  or  procejfus 
ciliares .  On  the  back  part  of  the  eye,  but  not  exactly  oppofite 
to  the  pupil,  is  the  infertion  of  the  optic  nerve ,  NN,  the  expan- 
fion  of  which  each  way,  as  far  as  the  ligamenta  ciliaria,  makes 
what  is  called  the  retina. 

Befides  the  two  coats  above  mentioned,  a  third  was  difcovered 
by  Ruyfch,  and  from  him  it  is  called  tunica  Kuyfchiana.  It  ad¬ 
heres  clofely  to  the  choroides,  except  that  it  is  feparated  from  it 
at  the  ligamenta  ciliaria,  and  goes  on  the  back  of  the  cryftalline 
humour.  All  the  infide  of  the  eye,  except  the  back  part  of  the 
cryftalline  humour,  and  that  part  of  the  retina  which  is  oppo¬ 
fite  to  it,  is  covered  with  a  thick  black  fubftance,  which  abforbs 
all  the  light  that  is  reflected  upon  it  from  the  retina,  and  which 
would  otherwife  have  been  reflected  back  again  upon  it,  and  have 
made  the  images  of  objeCts  indiftinCt. 

The  cavity  contained  between  the  cryftalline  humour  and  the 
cornea  is  filled  with  a  thin  liquor,  called  the  aqueous  humour,  and 
the  larger  cavity,  beyond  the  cryftalline  humour,  is  occupied 
by  what  is  called  the  vitreous  humour. 
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According  to  Maurolyeus,  therefore,  the  cryftalline  humour 
HH,  fig.  13,  is  a  lens,  by  means  of  which  pencils  of  rays  com¬ 
ing  from  every  point  of  any  external  objedt,  as  the  arrow  STR, 
are  collected  into  foci  upon  the  retina  at  str. 

The  fame  philofopher  alfo,  hit  upon  the  true  folution  of  the 
problem  concerning  the  image  of  the  fun  appearing  round,  though 
the  rays  that  form  it  are  tranfmitted  into  a  dark  room  through 
an  angular  aperture.  For  he  confidered  that,  fince  rays  of  light 
are  continually  proceeding  from  every  part  of  the  fun’s  difk,  they 
muft  be  eroding  one  another  from  the  extreme  edge  of  it,  in 
every  point  of  the  aperture  ;  fo  that  every  fuch  point  will  be  the 
apex  of  two  cones  ;  of  which  the  bafe  of  the  one  is  the  fun’s  difk, 
and  that  of  the  other  his  image,  on  the  oppofite  wall,  fubtending 
an  equal  angle.  Confequently,  if  thefe  images  be  taken  at  a  con- 
fiderable  diftance  from  the  aperture,  and  therefore  be  pretty  large, 
while  the  aperture  itfelf  is  fmall ;  fince  the  whole  image  con- 
fifts  of  a  number  of  images,  all  of  which  are  circular,  the  image 
of  the  fun  formed  by  the  aperture,  of  whatever  form  it  be,  mufl 
be  circular  alfo  ;  and  it  will  approach  the  nearer  to  a  perfedt  cir¬ 
cle,  the  fmalleris  the  aperture,  and  the  more  diftant  the  image.* 

About  the  fame  time  that  Maurolyeus  made  fuch  great  advan¬ 
ces  towards  the  difeovery  of  the  nature  of  vifion,  Johannes  Bap- 
tifta  Porta,  of  Naples,  made  a  curious  difeovery,  which  throws 
ftill  more  light  upon  the  fame  fubjedt.  For  his  was  the 
invention  of  the  Camera  Obfcura ,  which  furnifhes  one  of  the 
moft  amufing  and  pleafing  experiments  in  the  whole  compafs  of 
op  ticks. 

#  Montucla’s  Hiftoire,  p,  627.  Saverien’s,  p,  245, 
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This  gentleman  was  particularly  attentive  to  the  ftudy  of  me¬ 
dicine  and  natural  philofophy,  and  he  fpared  no  pains  or  expence, 
either  in  travelling,  to  collect  accounts  of  every  thing  that  was  cu¬ 
rious,  or  in  making  experiments,  to  afcertain  the  truth  of  what 
he  had  been  informed  and,  coniidering  the  great  number  of 
vulgar  errors  that  prevailed  in  his  time,  it  can  be  no  wonder  that 
traces  of  not  a  few  of  them  fhould  ftill  be  found  in  his  writings. 
His  houfe  was  conftantly  reforted  to  by  all  the  ingenious  perfons 
at  Naples,  whom  he  formed  into  what  he  called  an  academy  of 
fecrets ,  each  member  being  obliged  to  contribute  fomething  that 
was  not  generally  known,  and  that  might  be  ufeful. 

By  this  means  he  was  furniihed  with  materials  for  his  Magia 
Naturalis ,  which  contains  his  account  of  the  camera  ohfcura ,  and 
the  firft  edition  of  which  was  publifhed,  as  he  informs  us,  when 
he  was  not  quite  fifteen  years  old,  that  is,  about  the  year  1560, 
15  years  before  the  publication  of  Maurolycus’s  treatife  above 
mentioned.  On  this  account  I  might  have  confidered  him  as  the 
earlier  of  the  two  ;  but  Maurolycus  being  the  much  older  man 
(for  he  died  at  81,  in  the  very  year  in  which  his  book  was  pub- 
lifhed)  and  not  being  certain  that  the  account  of  the  camera  ob- 
fcura  was  in  the  firft  edition  of  the  Magia  Naturalis,  which  was 
republifhed  thirty  years  after,  with  great  enlargements ;  I  have 
chofe  to  place  thofe  philofophers  according  to  their  age,  efpecial- 
ly  as  they  feem  to  have  had  no  connection  with  one  another  ;  for 
I  do  not  recoiled  that  Porta  ever  quotes  Maurolycus,  or,  indeed, 
that  he  appears  to  have  been  acquainted  with  his  difcoveries, 
which,  I  own,  furprifes  me  much. 

The  court  of  Rome  took  umbrage  at  the  afiemblies  that  were 
held  at  B.  Porta’s  houfe  for  the  purpofe  of  natural  knowledge,- 
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and  forbad  them ;  which  will  not  be  wondered  at,  conlidering 
the  time  in  which  he  flourifhed,  though  he  feems  to  have  been  a 
very  good  catholic.  For,  fpeaking  of  a  Frenchman  who  had 
called  him  a  magician  and  a  conjuror,  he  found,  he  fays,  upon 
inquiry,  that  he  was  a  heretic,  who  by  throwing  himlelf  head¬ 
long  from  a  tower,  very  narrowly  efcaped  being  malfacred  at 
Paris  on  St.  Bartholomew’s  day,  and  he  adds,  that,  as  becomes  a 
nobleman  and  a  chriftian,  he  fincerely  prayed  to  God  for  his  con- 
verfion  to  the  catholic  faith,  that  he  might  efcape  being  burned 
alive.  See  the  Preface  to  Magia  Naturalis. 

This  book  was  immediately  on  its  fil'd  publication  tranflated 
into  Italian,  French,  Spanifh,  and  Arabic,  and  went  through 
many  editions  in  various  countries.  It  is  an  amazing  collection, 
of  every  thing  that  was  known  in  his  time,  and  that  was  won¬ 
derful  or  curious,  in  the  whole  compafs  of  nature  or  art.  B. 
Porta’s  manner  of  competition  is  generally  very  agreeable.  He 
appears  to  have  been  well  acquainted  with  the  opinions  of  the 
antients  on  all  philofophical  fubjedts,  and  makes  ufe  of  his  learn¬ 
ing  to  embelliili  his  own  writings.  This  is  particularly  the  cafe 
with  refpedt  to  his  treatife  on  refradtion. 

His  defeription  of  the  camera  obfeura  is  not  large,  but  diffid¬ 
ently  intelligible.  In  the  17th  chapter  of  his  Magia  Naturalis, 
he  obferves,  that,  if  a  fmall  hole  be  made  in  the  fhutter  of  a 
window,  all  external  objedts  will  be  vifible,  in  their  proper  co¬ 
lours,  on  the  oppofite  wall.  And,  farther,  that  if  a  convex 
lens  be  fixed  in  the  hole,  the  images,  in  the  focus  of  that  lens 
will  be  rendered  much  more  diftinCt ;  fo  diftindt,  he  fays,  that 
even  the  features  of  perfons  out  of  the  room,  may  be  dilfinguifh- 
ed  by  thofe  within. 
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Many  perfons,  he  fays,  have  tried  to  make  the  images  of  ex¬ 
ternal  objeds  appear  ered,  and  not  inverted,  as  they  commonly 
are  in  the  camera  obfcura,  but  he  fays  it  was  to  no  purpofe,  fmce 
if  the  images  were  ered,  they  were  fo  much  obfcured,  that  it 
was  no  pleafure  to  view  them  ;  but  he  fays  that  this  end  will  be 
gained,  if  the  images  be  received  upon  a  concave  mirror,  properly 
adapted  to  the  convex  lens,  and  held  at  a  juft  diftance  from  the 
hole.  The  effied  of  this  expedient,  he  fays,  cannot  be  fuffici- 
ently  admired. 

B.  Porta,  did  not  overlook  fome  obvious  ufes  of  his  contri¬ 
vance,  for  he  obferves,  that,  by  means  of  his  camera  obfcura, 
the  pidures  of  perfons  and  things  may  be  drawn  with  great  ex- 
adnefs,  and  that  eclipfes  of  the  fun  may  be  viewed  to  great  ad¬ 
vantage  in  this  manner.  * 

A  drawing  may  afiift  the  reader  in  conceiving  diftindly  the 
effeds  of  a  camera  obfcura,  and  if  he  will  confult  fig.  14,  he 
will  fee  a  houfe,  and  a  tree  behind  it,  reprefented  in  this 
way ;  the  figure  within  the  room  correfponding  to  the  objed 
without,  but  diminished,  and  alfo  inverted,  becaufe  the  rays  that 
enter  the  room  from  all  parts  of  the  external  objed,  neceflarily 
crofs  one  another  in  the  hole,  through  which  they  are  admitted. 

B.  Porta,  finding  that  he  could  exhibit  the  appearance  of  real  ex¬ 
ternal  objeds  upon  his  white  wall,  amufed  himfelf  and  his  friends 
with  fubftituting  fmall  images,  fo  difpofed,  as  that  they  might  be 
magnified  by  his  lens  in  the  window  Ihutter.  Juft  before  his  lens, 
he  fixed  a  hollow  cube  of  paper,  the  front  fide  of  which  was  very 
thin  ;  and  upon  this  he  drew  whatever  objeds  he  pleafed  ;  that, 
being  placed  at  a  proper  diftance  from  the  lens,  when  the  fun’s 

*  Magia  Naturalis,  Lib.  17.  Cap.  6, 
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rays  came  into  the  room,  the  form  of  the  images  might  be  feen 
upon  the  wall.  And  as,  by  making  this  front  fide  of  the  cube 
moveable,  he  could  give  his  images  what  motion  he  pleafed,  the 
effect,  in  thofe  rude  ages,  feemed  to  proceed  from  the  power  of 
magic.  In  this  manner,  he  fays,  that  he  exhibited  the  appear¬ 
ance  of  a  hunting,  of  a  battle,  and  other  extraordinary  fights, 
to  the  afiionifhment  of  all  the  fpedlators.  This  contrivance  gave 
the  hint  to  Kircher,  on  which  he  conftrudted  the  magic  lantern , 
doing  that  in  the  night,  and  in  many  refpedts  more  convenient¬ 
ly,  which  Porta  exhibited  in  the  day.  * 

In  the  manner  of  B.  Porta,  Kircher  fays,  that  he  once  faw  an 
admirable  reprefentation  of  the  crucifixion ;  and  in  the  fame  me¬ 
thod  the  Emperor  Rodolph  was  entertained,  by  the  mathemati¬ 
cians  of  his  age,  with  a  procefiion  of  all  the  Roman  Emperors, 
from  Julius  Csefar  to  himfelf. 

B.  Porta’s  experiments  with  the  camera  obfcura,  convinced 
him  that  vifion  is  performed  by  the  intromijjion  of  fomething  into 
the  eye,  and  not  by  vifual  rays ,  proceeding  from  the  eye,  as  had 
been  the  general  opinion  before  his  time  ;  and  he  was  the  firfi: 
who  fully  fatisfied  himfelf  and  others  upon  this  fubjedt  though 
feveral  philofophers  ftill  adhered  to  the  old  opinion.  He  gives  an 
excellent  enumeration  of  the  opinions  of  the  antients  upon  this 
fubjedl-  Indeed,  the  refemblance  between  experiments  in 
the  camera  obfcura,  and  the  manner  in  which  vifion  is  perform¬ 
ed  in  the  eye,  was  too  ftriking  to  efcape  the  obfervation  of  a  lefs 
ingenious  perfon.  But  when  he  fays  that  the  eye  is  a  camera 
obfcura,  and  the  pupil  the  hole  in  the  window  Ihutter,  he  was 
fo  far  miftaken,  as  to  fuppofe  that  it  was  the  cryftalline  humour 

*  Schott’s  Magia  Univerfalis,  Vol.  P*  198.  f  Be  Refra&ione,  p.  87. 
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that  correfponds  to  the  wall  which  receives  the  images.  It  was 
Kepler  who,  in  the  year  1604,  firft  obferved  that  the  retina  is  the 
tablet,  on  which  the  images  of  external  objects  are  depidted.  * 

B.  Porta  fays,  that  the  images  of  external  objedts  are  tranf- 
mitted  through  the  pupil  to  the  cryftalline,  to  which  it  is  fub- 
fervient,  like  a  faithful  porter,  -f*  That  the  cryftalline  is  the 
principal  organ  of  vifion,  he  thought  was  evident  from  its  fitu- 
ation,  in  the  center  of  the  eye,  which  is  the  principal  place,  and 
where  the  neighbouring  parts  of  the  eye  may  molt  conveniently 
minifter  to  it ;  and  he  very  particularly  explains  the  manner  in 
which  he  fuppofes  that  each  of  them  is  fubfervient  to  it.  § 

In  order  to  give  fome  idea  of  the  Rate  of  optical  knowledge 
in  the  age  of  B.  Porta,  I  fhall  recite  fome  more  of  his  obferva- 
tions  refpedting  vifion,  the  theory  of  light  in  general,  and  its 
principal  phenomena. 

He  makes  a  variety  of  juft  obfervations  concerning  vifion,  and 
particularly  explains  feveral  cafes  in  which  we  may  imagine 
things  to  be  without  the  eye,  when  the  appearances  are  occafion- 
ed  by  fome  affedtion  of  the  eye  itfelf,  or  fome  motion  within 
the  eye.  And,  after  examining  various  opinions  concerning  per- 
fons  feeing  in  the  dark,  upon  firft  opening  their  eyes  in  a  morn¬ 
ing,  he  fhews  very  clearly,  that  this  is  chiefly  owing  to  the  great 
dilatation  of  the  pupil  in  thofe  circumftances.  || 

He  obferves  that  the  pupil  is  contradted  involuntarily  when 
it  is  expofed  to  a  ftrong  light,  and  opens  of  itfelf  when  the  light 
is  fmall.  Any  perfon,  he  fays,  may  fatisfy  himfelf  with  refpedt 
to  this  circumftance  by  looking  upon  the  eye  of  another  perfon, 

*  De  Refra&ione,  p.  91,  f  lb.  p.  73,  §  lb.  p.  87,  ||  lb.  p.  15S. 


firft 


DISCOVERIES  of 


40 

fii*ft  when  he  ftands  with  his  face  towards  the  fun,  and  imme¬ 
diately  after  in  a  ftiady  place.  * 

It  is  poflible,  however,  that  this  might  not  be  an  obfervation 
of  B.  Porta’s  own,  as  it  is  pretty  evident  that  it  was  made  by 
his  countryman  and  cotemporary,  the  famous  Father  Paul  of 
Venice.  Galen  firft  obferved  the  dilatation  of  the  pupil  of  one 
eye  when  the  other  was  fhut  or  loft,  and  the  contraction  of  it 
when  the  other  was  opened  or  recovered ;  and  in  this  opinion 
he  was  followed  by  all  naturalifts  and  philofophers,  till  Fabricius 
ab  Aquapendente,  profeftor  at  Padua,  and  fucceffor  to  the  great 
Fallopius,  by  obferving  the  eye  of  a  cat,  found  that  the  pupil 
not  only  dilated  and  contracted  itfelf  when  one  of  the  eyes  was 
fhut,  but  alfo  when  both  were  open. 

This  unexpected  difcovery  at  firft  very  much  furprifed  Aqua¬ 
pendente,  becaufe  it  was  contrary  to  the  prevailing  opinion 
founded  on  the  authority  of  Galen  ;  more  efpecially  as  he  ob¬ 
ferved  that  the  pupils  of  both  eyes  contracted  and  dilated  fre¬ 
quently  in  a  very  ftiort  fpace  of  time,  though  the  light  continued 
the  fame.  This  circumftance  led  him  to  fufpeCt  that  thefe  mo¬ 
tions  were  altogether  voluntary,  like  that  of  other  mufcles, 
though  he  was  at  a  lofs  how  to  account  for  it,  as  he  could  find 
no  mufcles  for  performing  thefe,  motions ;  and  as  he  does  not 
feem  to  have  known  any  thing  of  the  circular  and  longitudinal 
mufcular  fibres  of  the  uvea  or  iris.  But  having  communicated 
thefe  obfervations  to  ibme  of  his  learned  friends,  and  in  particu¬ 
lar  to  Father  Paul,  this  great  man  found,  from  repeated  expe¬ 
riments,  that  the  pupil  not  only  of  cats,  but  alfo  of  men,  and 
other  animals,  always  contracted  itfelf  when  the  eye  was  expofed 

*  De  Refraftione,  p.  74, 
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to  a  bright  light,  and  again  dilated  itfelf  when  the  light  was  faint 
and  languid.  This  he  always  obferved,  as  well  when  both  eyes 
were  open,  as  when  one  of  them  was  fhlit :  and  therefore  this 
learned  father  juftly  deferves  the  honour  that  is  due  to  this  dif- 
covery.  The  fame  remark  had  indeed  been  made  by  Achillinus, 
in  a  treatife  publilhed  in  1522,  but  it  feems  to  have  been  over¬ 
looked  by  philofophers.  * 

Without  feeming  to  be  acquainted  with  any  thing  that  had 
been  done  by  Maurolycus,  or  any  perfon  elfe,  B.  Porta  gives 
reafons  why  the  light  is  relieved  by  convex  and  concave  glades.  [| 
But  his  opinions  on  this  fubjedt  cannot  be  fuppofed  to  be  of  much 
value,  when  he  accounts  for  old  perfons  being  obliged  to  place 
objects  at  a  greater  diltance  than  young  perfons,  in  order  to  fee 
them  diftindtly,  to  the  greater  dilatation  of  their  pupils,  and  to 
the  thicknefs  of  the  humours  of  the  eye.  *f*  Whereas  fome 
young  men,  he  fays,  do  not  fee  diftindtly,  on  account  of  then- 
pupils  being  too  narrow.  Such  perfons  he  fays,  are  relieved  by 
concave  glalfes.  § 

He  recites  at  length  all  the  hypothefes  concerning  the  caufe  of 
fingle  vifion  with  two  eyes,  and  concludes  that,  in  fadt,  we 
never  fee  with  more  than  one  eye  at  one  time,  as  he  pretends  to 
prove  by  experiment.  Odd  as  this  opinion  is,  and  contrary  to 
many  plain  fadts,  it  was  maintained  by  writers  in  a  more  en¬ 
lightened  age  than  that  of  B.  Porta. 

After  obferving  that  a  concave  lens  will  adilt  a  perfon  in  view¬ 
ing  remote  objedts,  and  a  convex  one  thofe  that  are  near,  he 
adds  that,  if  a  perfon  can  arrange  them  properly,  he  will  be  adift- 

*  Porterfield  on  the  eye,  Vol.  2,  p.  93.  ||  De  Refra&ione,  p.  175.  f  lb.  p.  137. 
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ed  in  diftinguifhing  objects  both  near  at  hand,  and  at  a  distance 
from  him.  He  even  fays,  that  he  himfelf  had,  by  this  means, 
put  fome  of  his  friends,  whofe  light  was  not  very  good,  into  the 
way  of  feeing  more  diftinddy.  This  muft  be  acknowledged,  as 
in  the  cafe  of  Friar  Bacon,  to  look  like  the  conftrudtion  of  a  te- 
lefcope.  Yet  other  confiderations  make  it  probable,  that  this 
Neapolitan  was  never  in  poffeffion  of  any  fuch  inftrument,  and 
that  he  only  lengthened  or  fhortened  the  foci  of  fingle  lenfes  by 
his  combination  of  them.  * 

B.  Porta  makes  the  following  juft  obfervation  concerning  the 
effects  of  refraction,  viz.  that  a  round  and  flat  furface,  plunged 
in  water,  will  appear  hollow,  as  well  as  magnified,  to  an  eye 
perpendicularly  over  it,  the  extremities  being  elevated  by  refrac¬ 
tion  ;  and  he  very  well  explains  the  manner  in  which  it  is  done 
by  a  figure,  -f-  A  particular  inveftigation  of  the  nature  of  this 
curvature  will  be  found  in  a  later  period  of  this  hiftory.  This 
difcovery,  if  it  may  be  called  one,  our  author  certainly  made  by 
actual  obfervation  ;  for  it  cannot  be  fuppofed  that  he  could  have 
concluded  fo  much  by  reafoning  a  'priori .  But  it  muft  have 
been  from  reafoning  only,  and  not  experiment,  that  he  afierted 
that  gunpowder  may  be  fired  at  a  great  diftance,  and  that  caftles 
and  rocks  may  be  blown  up  by  it,  if  the  rays  of  the  fun  be  firft 
brought  to  a  focus  by  a  concave  mirror,  and  be  tranfmitted  pa¬ 
rallel,  by  a  plane  mirror,  to  the  diftance  required. 

Alhazen  had  adopted  the  opinion,  that  light  is  not  tranfmit¬ 
ted  inftantaneoufly,  grounding  his  opinion  on  fubtle  and  meta- 
phyfical  reafonings,  which  B.  Porta  undertakes  to  refute, 
and  to  prove  that  the  paflage  of  light  is  really  inftantaneous  ;  but 

*  Montucla’s  Hiftoire,  Vol.  i,  p.  629.  f  De  Refrattione,  p.  19. 
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excepting  that  he  lays  the  contrary  is  not  agreeable  to  obfervati- 
on,  his  own  arguments  are  equally  metaphylical.  One  of  them 
is  derived  from  the  confideration  of  light  being  incorporeal.  * 

B.  Porta  alfo  maintains  the  diftin&ion  between  true  and  ap¬ 
parent  colour,  adopted  by  the  antients,  and  treats  of  the  diffe¬ 
rence  between  them,  -p  He  was  of  opinion,  that  light  itfelf  is 
colourlefs,  but  that  it  is  capable  of  having  colour  communicated 
to  it,  or  rather  fuperinduced  upon  it,  from  foreign  caufes,  as 
from  tranfparent  fubflances,  in  certain  circumflances.  §  He 
maintained  that  refraction,  and  not  reflexion,  was  the  caufe  of 
colour  in  the  rainbow,  but  he  did  not  mean  refraCtion  in  Angle 
drops,  but  in  the  whole  mafs  of  falling  rain,  as  one  medium, 
of  a  different  denfity  from  the  air ;  J;and  he  gives  a  particular  ac¬ 
count  of  the  generation  of  each  of  .  the  colours  of  the  rainbow, 
from  a  mixture  of  light  and  the  denfer  or  rarer  parts  of  the  air  ; 
difliking  the  opinion  of  molt  of  the  antients,  that  colour  confifts 
of  a  mixture  of  light  and  darknefs.  [| 

The  great  Lord  Bacon,  who  was  cotemporary  with  B.  Porta, 
but  the  younger  man  of  the  two,  and  who  had  lo.  juft  an  idea  of 
the  imperfeCl  Hate  of  natural  lcience  in  his  time,  and  of  the  caufes 
of  it,  and  who  fug  gelled  fo  many  admirable  hints  for  advancing 
the  bounds  of  it  (hints  which  have  been  purfued  to  great  ad¬ 
vantage  Ance  -his  time)  complains  that  the  form  and  origin  of 
light  had  been  but  little  inquired  into ;  and  he  mentions  feveral 
faCls,  which  fliew  how  little  philofophers  were  then  acquainted 
with  the  fubjeCl.  This  negleCl,  he  thought,  was  extraordinary, 
confidering  what  pains  had  been  taken  with  the  fubjecl  of  Per- 
IpeClive.  But  in  this  branch  of  fcience  he  obferves,  that  the 

*  De  Rcfractione,  p.  95.  f  lb.  p.  215.  §  lb.  p.  190. 
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progrefs  of  rays  of  light  is  conlidered  mathematically  only,  and 
that  writers  upon  it  never  paid  much  attention  to  them  phyjically 
conlidered.  This,  therefore,  he  places  among  the  defiderata  of 
his  time,  and  defires  that  inquiry  may  be  made  into  it.  * 

In  another  work  he  mentions  twelve  different  heads  of  inquiry 
concerning  light,  the  perufal  of  which  cannot  but  give  pleafure 
to  thofe  who  are  attentive  to  the  progrefs  of  fcience ;  as  they 
demonftrate  both  how  very  imperfectly  this  fubjeCt  was  under¬ 
stood  in  his  time,  and  how  fenfible  he  was  of  that  imperfection. 
One  of  the  doubts  which  this  great  man  wifhed  to  have  removed 
by  experiment,  was,  whether  light  be  diffufed  equally  in  all  direc¬ 
tions  }  for  heat,  he  fuppofed,  to  afcend :  alfo,  whether  air  be 
neceffary  to  the  propagation  of  light,  and  whether,  like  found, 
it  be  not  obftruCted  by  winds.  *f*  Things  vifible  and  audible, 
he  fays,  agree  in  this,  that  they  neither  emit  any  corporeal  fub- 
Itance,  nor  excite  any  manifeft  motion  in  the  furrounding  me¬ 
dium,  but  only  certain  fpiritual fpecies  (fpecies  fpirituales )  the  na¬ 
ture  of  which  is  altogether  unknown.  §  He  thought  that  air 
Was  the  moft  convenient  medium  both  of  found  and  vifion,  and 
that  a  ftrong  wind  would  not  obftruCt  the  paffage  of  light  fo  much 
as  it  does  that  of  found.  J 

The  extreme  caution  with  which  this  philofopher  would  have 
us  proceed  in  our  inquiries  into  nature,  appears  from  his  hefitat- 
ing  to  infer,  that,  becaufe  objeCts  under  water,  which  is  a  den- 
fer  medium  than  air,  appear  magnified  to  an  eye  in  the  air,  ob¬ 
jects  in  the  air  will  appear  diminilhed  to  an  eye  under  water. 
How  this  worketh,  fays  he,  I  know  not.  || 

•  *  De  Augmentis  Scientiarum  in  Bacon’s  Works,  Vol.  2.  p.  1 36.  f  lb.  Vol.  2,  p.  2 1 3. 
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How  little  a  way  men  of  the  greatefl  genius  are  able  to  pro¬ 
ceed  without  actual  experiments,  even  in  things  in  which  they 
have  the  cleared;  analogy  to  guide  them,  may  be  Ceen  in  Lord 
Bacon’s  fuppofing  the  poffibility  of  feeing  an  image  from  a  re¬ 
flecting  furface  without  feeing  the  reflecting  furface  itfelf.  As 
the  whole  paffage  in  which  he  mentions  this  circumftance  is  not 
long,  and  extremely  curious,  I  fhall  infert  it  intire,  as  an  encou¬ 
ragement  to  philofophers  not  to  be  afhamed  of  making  random 
conjectures,  if  they  have  the  moft  diftant  profpeCt  of  their  con¬ 
tributing  to  the  difcovery  of  truth,  when  they  are  countenanced 
by  fo  great  a  man  as  Lord  Bacon. 

“  It  would  be  well  bolted  out,  whether  great  refractions  mayJ 
**  not  be  made  upon  reflections,  as  well  as  upon  direCt  beams. 
“  For  example,  we  fee  that,  take  an  empty  bafon,  put  an  angel 
<(  of  gold,  or  what  you  will  into  it ;  then  go  fo  far  from  the 
“  bafon  till  you  cannot  fee  the  angel,  becaufe  it  is  not  in  a  right 
“  line ;  then  fill  the  bafon  with  water,  and  you  fhall  fee  it  out 
“  of  its  place,  becaufe  of  the  refraction.  To  proceed,  there - 
“  fore,  put  a  looking  glafs  into  a  bafon  of  water.  I  fuppofe  you 
“  fhall  not  fee  the  image  in  a  right  line,  or  at  equal  angles,  but 
“  wide.  I  know  not  whether  this  experiment  may  not  be  ex— 
“  tended  fo  as  you  might  fee  the  image  and  not  the  glafs,  which, 
“  for  beauty  and  ftrangenefs,  were  a  line  proof,  for  then  you 
“  fhould  fee  the  image,  like  a  fpirit  in  the  air.  As  for  example, 
“  if  there  be  a  cittern,  or  pool  of  water,  you  fhall  place  over  a- 
“  gaintt  it  the  picture  of  the  devil,  or  what  you  will,  fo  as  that 
€(  you  do  not  fee  the  water.  Then  put  a  looking-glafs  in  the 
water ;  now,  if  you  can  fee  the  devil’s  picture  afide,  not  fee- 
“  ing  the  water,  it  would  look  like  the  devil  indeed.  They  have 
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44  an  old  tale  in  Oxford,  that  Friar  Bacon  walked  between  two 
44  Steeples,  which  was  thought  to  be  done  by  glaffes,  when  he 
44  walked  upon  the  ground.”  * 

This  whole  buiinefs  of  feeing  images  in  the  air  may  be  traced 
up  to  Vitellio,  and  what  he  faid  upon  the  fubjedt  feems  to  have 
palfed  from  writer  to  writer,  with  confiderable  additions,  to  the 
time  of  Lord  Bacon.  What  Vitellio  endeavours  to  fhew  is, 
that  it  is  poffible,  by  means  of  a  cylindrical  convex  fpeculum,  to 
fee  the  images  of  objects  in  the  air,  out  of  the  fpeculum,  when 
the  objedts  themfelves  cannot  be  feen.  ■f'  But  if  his  defcription 
of  the  apparatus  requifite  for  this  experiment  be  attended  to,  it 
will  be  feen  that  the  eye  was  to  be  directed  towards  the  fpecu¬ 
lum,  which  was  placed  within  a  room,  while  both  the  objedt 
and  the  fpedtator  were  without  it.  But,  though  he  recommends 
this  obfervation  to  the  diligent  fludy  of  his  readers,  he  has  not 
defcribed  it  in  fuch  a  manner  as  is  very  intelligible  3  and,  indeed, 
it  is  certain,  that  no  fuch  effedt  can  be  produced  by  a  convex  mir¬ 
ror.  If  he  himfelf  did  make  any  trial  with  the  apparatus  that 
he  defcribes  for  this  purpofe,  he  muft  have  been  under  fome  de¬ 
ception  with  refpedt  to  it. 

B.  Porta  fays  that  this  effedt  may  be  produced  by  a  plane  mirror 
only 3  and  that  an  ingenious  perfon  may  fucceed  in  it 3  but  his  more 
particular  defcription  of  a  method  to  produce  this  extraordinary 
appearance  is  by  a  plane  mirror  and  a  concave  one  combined.  § 

Kircher,  alfo,  fpeaks  of  the  poffibility  of  exhibiting  thefe 
pendulous  images,  and  fuppofes  that  they  are  refledted  from  the 
denfe  air  3  and  the  moft  perfedt  and  pleating  deception  depend- 

*  Bacon’s  Works,  Vol.  3,  p.  155.  f  Optica,  p.  508.  Lib.  7.  Cap.  60. 

§  Magia  Naturalis,  Lib.  7.  Cap.  5. 


1 


mg 


Sec.  I. 


LORD  BACON. 


47 


ing  upon  images  in  the  air  is  one  of  which  this  writer  gives  a  par¬ 
ticular  account  in  his  Ars  Magna  Lucis  et  Umbra ,  p.  783.  In 
this  cafe  the  image  is  placed  at  the  bottom  of  a  hollow  polifh- 
ed  cylinder,  by  which  means  it  appears  like  a  real  l'olid  fub- 
ftance,  fufpended  within  the  mouth  of  the  vefiel.  In  this  man¬ 
ner,  he  fays,  he  once  exhibited  a  reprefentation  of  the  afcenfion 
of  Chrift ;  when  the  images  were  fo  perfect,  that  the  fpedtators 
could  not  be  perfuaded,  but  by  attempting  to  handle  them,  that 
they  were  not  real  fubflances.  A  copy  of  the  drawing  he  has 
given  us  of  this  inftrument  may  be  feen,  fig.  15. 
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Discoveries  concerning  the  RAINBOW. 


ABOUT  the  fame  time  that  the  effects  of  fingle  lenfes 
were  engaging  the  attention  of  philofophers,  we  find 
them  difcuifing  another  optical  phenomenon,  which  was  much 
above  the  capacity  of  that  age.  This  was  the  caufe  of  the  co¬ 
lours  in  the  rainbow.  How  little  the  philofophers  of  that  time 
were  prepared  for  fuch  an  inquiry  may  be  imagined,  when  it  is 
confidered,  that  they  had  no  tolerable  hypothefis  about  the  na¬ 
ture  of  colour  in  general. 

What  the  antients,  and  the  philofophers  of  the  middle  ages, 
have  written  concerning  the  rainbow  has  been  recited.  Their 
obfervations  were  fuch  as  could  not  have  efcaped  the  notice  of  the 
moft  illiterate  hulbandmen  who  gazed  at  the  Iky,  and  their  hy- 
pothefes  were  fuch  as  I  have  mentioned  for  the  amufement,  and 
not  the  inftrudtion  of  my  reader.  It  was  a  confiderable  time 
even  after  the  dawn  of  true  philofophy  in  this  weftern  part  of 
the  world,  before  we  find  any  difcovery  of  importance  on  this 
fubjedt.  Maurolycus  was  the  firft  who  pretended  to  have  mea- 
fured  the  diameters  of  the  two  rainbows,  with  much  exadtnefs, 
and  he  reports  that  he  found  that  of  the  inner  bow  to  be  45  de¬ 
grees,  and  that  of  the  outer  bow  56  from  which  Defcartes 

takes 


Sec.  II- 


THE  RAINBOW. 


49 


takes  occafion  to  obferve,  how  little  we  can  depend  upon  the  ob- 
fervations  of  thofe  who  were  not  acquainted  with  the  caufes  of 
appearances.  * 

One  Clichtovaeus  (the  fame,  I  fuppofe,  who  diftinguifhed 
himfelf  by  his  oppofition  to  Luther,  and  who  died  in  1543)  had 
maintained,  that  the  fecond  bow  is  the  image  of  the  firft,  as  he 
thought  was  evident  from  the  inverted  order  of  the  colours.  For, 
faid  he,  when  we  look  into  the  water,  all  the  images  that  we  fee 
reflected  by  it  are  inverted  with  refpeCt  to  the  objects  themfelves  ; 
the  tops  of  the  trees,  for  inftance,  that  ftand  near  the  brink, 
appearing  lower  than  the  roots.  But  Gilbert,  who  wrote  the 
treatife  De  Magnete ,  and  whofe  difcoveries  in  electricity  I  have 
related,  takes  upon  himfelf  to  be  very  much  offended  at  this  ac¬ 
count  of  the  matter,  and  treats  the  author  with  very  great  feve- 
rity,  calling  his  hypothecs  a  Jlupid  one,  and  worthy  of  Ariftotelian 
fubtilty  ;  and  he  gravely  anfwers  him,  by  obferving  that,  upon  his 
principles,  the  whole  form  of  the  outer  bow,  as  well  as  the  co¬ 
lours  of  it,  ought  to  be  inverted  with  refpeCt  to  the  inner  bow,  and 
confequently  that  its  arched  part  fhould  be  downwards.  *f*  How¬ 
ever,  the  whole  of  Gilbert’s  own  book  abounds  with  fcholaflic 
refinement,  and  contains  the  moft  frivolous  diftinCtions  and  defi¬ 
nitions.  This,  indeed,  was  not  his  fault,  but  that  of  the  time 

•  c* 

in  which  he  lived,  and  of  which  he  and  his  adverfary  equally 
partook.  None  of  Gilbert’s  opinions  on  any  optical  l'ubjeCts 
are  worth  reciting. 

That  the  rainbow  is  oppofite  to  the  fun,  had  always  been  ob- 
ferved.  It  was,  therefore,  natural  to  imagine,  that  the  colours 
of  it  were  produced  by  fome  kind  of  reflexion  of  the  rays  of 

3  Dioptrics,  p.  224.  f  Pbvliologia,  p.  273. 
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light  from  drops  of  rain,  or  vapour.  The  regular  order  of  the 
colours  was  another  circumftance  that  could  not  have  efcaped  the 
notice  of  any  perfon.  But,  notwithftanding  mere  reflexion  had 
in  no  other  cafe  been  obferved  to  produce  colours ;  and  it  could 
not  but  have  been  obferved  that  refraction  is  frequently  attended 
with  that  phenomenon,  yet  no  perfon  feems  to  have  thought 
of  having  recourfe  to  a  proper  refraction  in  this  cafe  before  one 
Fletcher  of  Breflau,  who,  in  a  treatife  which  he  publifhed  in 
1571,  endeavoured  to  account  for  the  colours  of  the  rainbow  by 
means  of  a  double  refraCtion  and  one  reflexion.  But  he  imagin¬ 
ed  that  a  ray  of  light,  after  entering  a  drop  of  rain,  and  fuffer- 
ing  a  refraCtion,  both  at  its  entrance  and  exit,  was  afterwards 
reflected  from  another  drop,  before  it  reached  the  eye  of  the 
fpeCtator.  He  feems  to  have  overlooked  the  reflexion  at  the 
farther  fide  of  the  drop,  or  to  have  imagined  that  all  the  bend¬ 
ings  of  the  light  within  the  drop  would  not  make  a  fuflicient 
curvature,  to  bring  the  ray  of  the  fun  to  the  eye  of  the  fpeCtator. 
That  he  fhould  think  of  two  refractions  was  the  neceflary  confe- 
quence  of  his  fuppoflng  that  the  ray  entered  the  drop  at  all. 
This  fuppofition,  therefore,  was  all  the  light  that  he  threw  up¬ 
on  the  fubjeCt,  B.  Porta,  as  we  have  feen,  fuppofed  that  the 
rainbow  is  produced  by  the  refraction  of  light  in  the  whole  body 
of  rain  or  vapour,  but  not  in  the  feparate  drops. 

After  all,  it  was  a  man  whom  no  writers  allow  to  have  had 
any  pretenflons  to  philofophy,  that  hit  upon  this  curious  dif- 
covery.  This  was  Antonio  De  Dominis,  Bifliop  of  Spalatro, 
whofe  treatife  De  Radii s  Vifus  et  lucis ,  was  publifhed  by  J.  Bar- 
tolus  in  1 61 1.  He  firft  advanced  that  the  double  refraCtion  of 
Fletcher,  with  an  intervening  reflexion,  was  fuflicient  to  produce 
the  colours  of  the  bow,  and  alfo  to  bring  the  rays  that  formed 
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them  to  the  eye  of  the  fpe&ator,  without  any  fubfequent  re¬ 
flexion.  He  diflinflly  defcribes  the  progrefs  of  a  ray  of  light 
entering  the  upper  part  of  the  drop,  where  it  fuffers  one  refrac¬ 
tion,  and  after  being  thereby  thrown  upon  the  back  part  of  the 
inner  furface,  is  from  thence  reflected  to  the  lower  part  of  the 
drop  ;  at  which  place  undergoing  a  fecond  refraction,  it  is  there¬ 
by  bent,  fo  as  to  come  direCtly  to  the  eye.  To  verify  this  hy¬ 
pothecs,  this  perfon  (no  philofopher  as  he  was)  proceeded  in  a 
very  fenfible  and  philofophical  manner.  For  he  procured  a  final! 
globe  of  folid  glafs,  and  viewing  it  when  it  was  expofed  to  the 
rays  of  the  fun,  in  the  fame  manner  in  which  he  had  fuppofed 
that  the  drops  of  rain  were  iituatcd  with  refpeCt  to  them,  he  ac¬ 
tually  obfervea  the  fame  colours  which  he  had  feen  in  the  true 
rainbow,  and  in  the  fame  order.  * 

Thus  the  circumffimces  in  which  the  colours  of  the  rainbow' 
were  formed,  and  the  progrefs  of  a  ray  of  light  through  a  drop 
of  water  were  clearly  understood  ;  but  philofophers  were  a  long 
time  at  a  lofs  when  they  endeavoured  to  affign  reafons  for  all  the 
particular  colours,  and  for  the  order  of  them.  Indeed  nothing 
but  the  doClrine  of  the  different  refrangibility  of  the  rays  of  light, 
which  was  a  difcovery  referved  for  the  great  Sir  Ifaac  Newton, 
could  furnifh  a  compleat  folution  of  this  difficulty.  De  Domi- 
nis  fuppofed  that  the  red  rays^were  thofe  which  had  traverfed  the 
leaft  fpace  in  the  infide  of  a  drop  of  water,  and  therefore  retain¬ 
ed  more  of  their  native  force,  and  confequently  ffriking  the  eye 

*  Where  Montucla,  from  whom  I  collect  this  circumftance,  was  informed  concerning 
this  experiment  of  De  Dominis,  I  cannot  tell :  for  I  have  looked  through  his  treatife 
pretty  carefully,  without  being  able  to  find  any  account  of  it.  I  am  therefore,  inclin¬ 
ed  to  think,  that  Montucla  has  afcribed  too  much  to  our  author,  and  that  Defcartes  was 
the  firft  who  verified  the  theory  of  the  rainbow  bv  an  experiment  with  a  glafs  globe. 
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more  briikly,  and  gave  it  a  ftronger  fenfation ;  that  the  green  and 
blue  colours  were  produced  by  thofe  rays,  the  force  of  which 
had  been,  in  fome  meafure,  obtunded  in  paffing  through  a 
greater  body  of  water,  and  that  all  the  intermediate  colours 
were  compofed  (according  to  the  hypothecs  which  generally  pre¬ 
vailed  at  that  time)  of  a  mixture  of  thefe  three  primary  ones.* 
That  the  different  colours  were  caufed  by  fome  difference  in  the 
impulfe  of  light  upon  the  eye,  and  the  greater  or  lefs  impredion 
that  was  thereby  made  upon  it,  was  an  opinion  which  had  been 
adopted  by  many  perfons,  who  had  ventured  to  depart  from  the 
authority  of  Ariftotle.'f' 

Afterwards  the  fame  De  Dominis  obferved,  that  all  the  rays  of 
the  fame  colour  mud:  leave  the  drop  of  water  in  a  part  fimilarly 
fituated  with  refpedt  to  the  eye,  in  order  that  each  of  the  co¬ 
lours  may  appear  in  a  circle,  the  center  of  which  is  a  point  of 
the  heavens,  in  a  line  drawn  from  the  fun  through  the  eye  of 
the  fpedtator.  The  red  rays,  he  obferved,.  mud:  iffue  from  the 
drop  neared:  to  the  bottom  of  it,  in  order  that  the  circle  of  red 
may  be  the  outermoft,  and  therefore  the  mod:  elevated  in  the 
bow.  § 

The  progrefs  of  a  ray  of  light  in  the  formation  of  the  rain¬ 
bow,  according  to  the  difcovery  of  De  Dominis,  may  be  feen  in 
fig.  1 6,  where  SD  reprefents  a  ray  of  light  proceeding  from  the 
fun,  and  after  entering  the  drop  of  water  DH,  at  the  upper  part 
of  it,  D,  is  there  refradted,  and  thrown  upon  the  indde  of  the 
middle  part ;  and  being  thence  reflected  to  the  bottom  of  the 
drop  H,  is  again  refradted  at  its  exit,  hefore  it  falls  upon  the  eye 

*  Montucla,  Vol.  i.  p.  630.  f  Saverien’s  Hilloire,  p.252,  $  Montucla,  Vol.  1, 
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at  A.  In  confequence  of  thefe  refractions,  it  is  divided  into  rays 
of  different  colours,  from  the  violet  at  V,  to  the  red  at  R.  Alfo, 
while  one  drop  fends  a  ray  of  one  colour  to  the  eye,  another 
drop,  fituated  a  little  higher  or  lower,  fends  a  ray  of  a  different 
colour.  For  the  eye  is  not  wide  enough  to  receive  rays  of  all  co¬ 
lours  from  the  fame  drop.  Or,  though  rays  of  all  colours  do 
reach  the  eye  from  every  drop ;  yet  all  that  are  not  effectual  to 
conflitute  the  rainbow  are,  either  in  fo  fmall  a  quantity,  or  fo 
equally  mixed  with  others,  of  all  the  other  colours,  falling  up¬ 
on  the  fame  part  of  the  eye  (which  produces  mere  whitenefs) 
that  their  effect  is  not  to  be  confidered  in  this  cafe.  Thus  while 
the  drop  CG,  at  the  top  of  the  bow,  fends  a  red  ray  to  the  eye 
at  A,  the  drop  DH,  in  the  lower  part  of  the  bow,  fends  a  vio¬ 
let  ray  $  and  the  intermediate  drops  fend  rays  of  intermediate 
colours.  If  a  drop  be  fituated  higher  than  that  which  fends  the 
red  light  as  B,  or  lower  than  that  which  fends  the  violet,  as  E, 
no  ray  proceeding  frorii  them  will  reach  the  eye  at  all. 

It  is  no  wonder  that  one  who  wrote  fo  early  as  De  Dominis, 
fhould  adopt  many  miftakes  concerning  the  nature  of  light  and 
vifion,  fuch  as  the  difference  between  real  and  apparent  colour, 
and  the  opinion  that  colours"  arife  from  a  mixture  of  light  and 
fliade.  Following  B.  Porta,  he  contends  that  the  feat  of  vifion 
is  in  the  pupil,  by  which,  like  him,  hd  means  the  furface  of 
the  cryfiailine,  and  that  there  is  no  refradtion  of  light  within 
the  eye.  *  He  gives  the  preference  to  the  opinion  of  vifion  be- 
ing  performed  by  intromijjion ,  but  he  thinks  all  the  phenomena 
are  confident  enough  with  the  Platonic  dodtrine  of  the  emifjion  of 
vifual  rays.  Denying  the  refradtive  power  of  the  humours  of 
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the  eye,  it  is  no  wonder  that  he  was  embarrafied  in  explaining 
the  caufe  of  the  defeCts  of  light,  and  the  remedy  of  them  by 
glalfes.  He  thought  with  B.  Porta,  that  the  long  lighted  were 
thole  whofe  cryftalline  was  too  dry  and  hard,  whereas  in  thofe 
who  were  Ihort  lighted,  he  thought  that  it  was  too  foft  and 
moil!.  * 

Notwithstanding  De  Dominis  conceived  fo  juftly  of  the  man¬ 
ner  in  which  the  inner  rainbow  is  formed,  he  was  far  from  hav¬ 
ing  as  juft  an  idea  of  the  caufe  of  the  exterior  bow.  This  he 
endeavoured  to  explain  in  the  very  fame  manner  in  which  he  had 
done  the  interior,  viz.  by  one  reflexion  of  the  light  within  the 
drop,  preceded  and  followed  by  a  refraction  fuppofing  only 
that  the  rays  which  formed  the  exterior  bow,  were  returned  to 
the  eye  by  a  part  of  the  drop  lower  than  that  which  tranfmitted 
the  red  of  the  interior  bow.  He  alfo  fuppofed  that  the  rays 
which  formed  one  of  the  bowTs  came  from  the  Superior  part  of 
the  fun’s  dilk,  and  thofe  which  formed  the  other  from  the  in¬ 
ferior  part  of  it.  He  did  not  conflder  that,  upon  thofe  princi¬ 
ples,  the  two  bows  ought  to  have  been  contiguous,  or  rather,  that 
an  indefinite  number  of  bows  would  have  had  their  colours  all 
intermixed,  which  would  have  been  no  bow  at  all.  Montucla 
alfo  fays,  that,  upon  this  hypothefis,  the  order  of  the  colours 
in  the  two  bows  would  be  the  fame  ;  but  De  Dominis  endeavours 
to  obviate  that  objection,  Shewing,  by  a  diagram,  that  below 
the  diameter  of  the  drop,  the  rays  which  come  to  the  eye  from 
the  lower  part  traverfe  the  leaft  fpace  of  water  j  but  that  above 
the  diameter,  it  is  the  very  reverfe.  § 

*  De  Radiis,  p.  16.  18.  §  lb.  p.  63.  Montucla,  Vol.  1.  p.  631. 


SECTION 


Of  the  invention  of  TELESCOPES  and  MICROSCOPES, 

WITH  THEIR  FIRST  IMPROVEMENTS. 

IT  was  in  this  period  of  my  hiftory  that  mankind  began  to 
derive  an  advantage  from  the  fcience  of  opticks,  which 
muft  have  appeared,  a  priori ,  to  have  been  out  of  the  power  of 
fcience  to  bellow.  For  who  could  have  imagined  that  the  re- 
fradtion  of  light  in  glafs,  and  other  tranfparent  fubltances,  the 
fame  power  by  which  a  ftraight  rod  appears  crooked  in  water, 
whereby  vifion  is  varioufly  diftorted,  and  whereby  we  are  liable 
to  innumerable  deceptions,  fhould  ever  be  fo  circumftanced,  as 
to  extend  the  bounds  of  light,  enabling  us  to  diftinguilh  objedts 
vaftly  too  remote,  or  too  fmall,  for  our  natural  organs.  Upon 
this  principle,  however,  depends  the  conftrudtion  of  the  ielefcope , 
which  not  only  gives  us  a  diftindt  view  of  diftant  terrestrial  ob- 
jedts,  without  the  trouble  of  conveying  ourfelves  to  them,  but 
enables  us  to  extend  our  inquiries  to  the  utmoft  boundary  of  the 
folar  fyftem,  and  even  carries  us  far  beyond  it. 

The  application  of  the  fame  powers  in  nature  alfo  produced 
the  microfcope ,  which  gives  us  an  inlight  into  the  minute,  but 
no  lefs  wonderful  works  of  God  in  the  creation  around  us ;  un¬ 
folding  the  admirable  fcrudlure  of  plants  and  animals,  and  dis¬ 
playing  to  us  the  exquifite  texture  of  their  conftituent  parts. 
By  means  of  thefe  inftruments,  the  bounds  of  human  knowledge 
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have  been  amazingly  extended,  and  by  the  fame  helps  new  and  ex- 
hauftlefs  fources  of  information,  and  pleafure  are  continually  o- 
pening  to  us  ;  fo  that  a  perfon  who  is  poflefifed  of  thefe  inftru- 
ments,  and  who  has  a  tafte  which  every  man  ought  to  be  alham- 
ed  to  be  deflitute  of,  can  never  want  fubjedts  of  the  moil  ration¬ 
al  entertainment. 

With  refpedt  to  this  great  addition  to  our  furniture,  both  for 
the  purfuits  of  fcience,  and  for  the  elegant  enjoyment  of  life, 
human  genius  has  but  little  to  boaft ;  the  invention ,  if  it  may  be 
fo  called,  having  been  as  cafual,  and  as  unexpected,  as  it  is,  in 
its  own  nature,  extraordinary.  This  hiftory,  therefore,  furnilhes 
a  ftriking  lelfon  to  all  philofophers,  not  to  defpife  the  moft  tri¬ 
fling  obfervation  ;  or  to  withdraw  their  attention  and  ftudy  from 
thofe  powers  of  nature,  or  even  thofe  fngle  fadts,  which  may 
feem,  at  firft  fight,  to  be  the  moft  infignificant,  and  the  moft 
remote  from  every  pofiible  ufe.  Every  new  fadl,  or  property  of 
any  of  the  conftituent  parts  of  nature,  fhould  be  carefully  exa¬ 
mined,  as  a  treafure  of  unknown  value,  the  real  worth  of  which 
time,  and  the  difcovery  of  other  kindred  powers  in  nature,  may 
bring  to  light. 

The  very  great  importance  of  the  telefcope,  has  made  the  firlb 
difcovery  of  it  an  interefting  fubjedt  of  inquiry ;  and  notwith- 
ftanding  it  is  agreed,  on  all  hands,  that  the  firft  conftrudtion  of 
this  inftrument  was  a  cafual  thing,  and  that  the  rationale  of  it 
was  not  known  till  many  years  after,  we  find  feveral  candidates 
for  this  fmall  portion  of  honour.  Defcartes  confiders  James  Me- 
tius,  a  perfon  who  was  no  mathematician,  though  his  father  and 
brother  had  applied  to  thofe  fciences,  as  the  firft  conftrudtor  of 
a  telefcope  ;  and  fays  that,  as  he  was  amufing  himfelf  with  mak¬ 
ing  mirrors,  and  burning  glafifes,  he  cafually  thought  of  looking 
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through  two  of  his  lenfes  at  a  time ;  and  that  happening  to  take 
one  that  was  convex,  and  another  that  was  concave ;  and  happen¬ 
ing  alfo,  to  hit  upon  a  pretty  good  adjuftment  of  them,  he  found 
that,  by  looking  through  them,  diftant  objects  appeared  very 
large  and  diftind.  In  fad,  without  knowing  it,  he  had  made  a 
telefcope. 

Other  perfons  fay,  that  this  great  difcovery  was  firft  made  by 
John  Lipperfheim,  a  maker  of  fpedacles  at  Middleburgh,  or 
rather  by  his  children  who,  like  Metius,  were  diverting  them- 
fielves  with  looking  through  two  glades  at  a  time,  and  placing 
them  at  different  diftances  from  one  another.  But  Borellus,  the 
author  of  a  book  intitled  De  vero  telefcopii  inventore,  gives  this 
honour  to  Zacharias  Joannides,  i.  e.  Janfen,  another  maker  of 
fpedacles  at  the  fame  place,  who  made  the  firft  telefcope  in 
1 590  ;  and  it  feems  now  to  be  the  general  opinion  that  this  ac- 
count  of  Borellus  is  the  moft  probable. 

Indeed,  Borellus’s  account  of  the  difcovery  of  telefcopes  is  fo 
circumftantial,  and  fo  well  authenticated,  that  it  does  not  feem 
pofiible  to  call  it  in  queftion.  It  is  not  true,  he  fays,  that  this 
great  difcovery  was  made  by  a  perfon  who  was  no  philofopher  ; 
for  Zacharias  Janfen  was  a  diligent  enquirer  into  nature ;  and 
being  engaged  in  thefe  purfuits,  he  was  trying  what  ufes  could 
be  made  of  lenfes  for  thofe  purpofes,  when  he  fortunately  hit 
upon  the  conftrudion. 

This  ingenious  mechanic,  or  rather  philofopher,  had  no  fooner 
found  the  arrangement  of  glaffes  that  produced  the  effed  he  de- 
fired,  than  he  enclofed  them  in  a  tube,  and  ran  with  his  inftru- 
ment  to  Prince  Maurice,  who  immediately  conceiving  that  it 
might  be  of  ufe  to  him  in  his  wars,  defired  the  author  to  keep 
it  a  fecret.  But  this,  though  attempted  for  fome  time,  was 
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found  to  be  impoffible  ;  and  feveral  perfons  in  that  city  imme¬ 
diately  applied  themfelves  to  the  making  and  felling  of  telefcopes. 
One  of  the  moll  diftinguilhed  of  thefe  was  Hans  Laprey,  called 
Lipperlheim  by  Sirturus.  By  him  fome  perfon  in  Holland  be¬ 
ing  very  early  fupplied  with  a  telefcope,  he  palled  with  many  for 
the  inventor ;  but  both  Metius  above-mentioned,  and  Cornelius 
Drebell,  of  Alcmar,  in  Holland,  applied  to  the  inventor  himfelf 
in  1620  ;  as  alfo  did  Galileo,  and  many  others.*  The  firft  tele¬ 
fcope  made  by  Janfen  did  not  exceed  15  or  16  inches  in  length; 
but  Sirturus,  who  fays  that  he  had  feen  it,  and  made  ufe  of  it, 
thought  it  the  bed:  that  he  had  ever  examined, 

Janfen,  having  a  philofophical  turn,  prefently  applied  his  in- 
ftrument  to  fuch  purpofes  as  he  had  in  view  when  he  hit  upon  the 
conftrudtion.  Directing  it  towards  celeltial  objects,  he  dillindt- 
ly  viewed  the  fpots  on  the  face  of  the  moon,  and  difcovered  many 
new  liars,  particularly  feven  pretty  confiderable  ones  in  the  great 
bear.  His  fon  Joannes  Zacchariae,  noted  the  lucid  circle  near 
the  limb  of  the  moon,  from  whence  feveral  bright  rays  feem  to 
dart  in  different  diredtions  ;  and  he  fays  that,  the  full  moon  view¬ 
ed  through  this  inftrument,  did  not  appear  flat,  but  was  evident¬ 
ly  fpherical,  the  middle  part  being  prominent.  §  Jupiter  alfo, 
he  fays,  appeared  round,  and  rather  fpherical ;  and  fometimes 
he  perceived  two,  fometimes  three,  and  at  the  moft  four  fmall 
liars,  a  little  above  or  below  him  ;  and,  as  far  as  he  could  ob- 
ferve,  they  performed  revolutions  round  him  ;  but  this,  he  fays, 
he  leaves  to  the  conlideration  of  allronomers.  ||  This,  I  make 
no  doubt,  was  the  firft  obfervation  of  the  fatellites  of  Jupiter, 

*  De  Vero  telefcopii  inventore,  p.  37.  f  lb.  p.  24,  30.  §  lb.  p.  39.  ||  lb.  p.  40. 
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though  the  perion  who  made  it  was  not  aware  of  the  importance 
of  his  difcovery. 

One  Francis  Fontana,  an  Italian,  alfo  claims  the  invention  ; 
but  as  he  did  not  pretend  to  have  made  it  before  the  year  1608  ; 
and  as  it  is  well  known  that  the  inftruments  were  made  and  fold 
in  Holland,  fome  time  before,  his  pretenfions  to  a  fecond  difco¬ 
very  are  not  much  regarded. 

There  are  fome,  who  fay,  that  Galileo  was  the  inventor  of 
telelcopes  ;  but  he  himfelf  acknowledges,  that  he  firft  heard  of 
the  inftrument  from  a  German  ;  *  but  he  fays  that,  being  inform¬ 
ed  of  nothing  more  than  the  eftedts  of  it,  firft  by  common  re¬ 
port,  and  a  few  days  after  by  a  French  nobleman,  J.  Badovere, 
at  Paris,  he  himfelf  difcovered  the  conftrudtion,  by  confidering 
the  nature  of  refradtion.-f*  If  this  be  true,  he  had  much 
more  real  merit  than  the  inventor  himfelf.  But  Montucla  quef- 
tions  the  veracity  of  this  great  man  in  this  cafe,  efpecially  as  he 
pretended  that  he  did  not  know  fo  much  as  the  form  of  the 
glalfes  which  the  Dutch  inftrument  makers  made  ufe  of,  and 
that  he  difcovered  a  priori ,  that  both  a  convex  and  a  concave 
glafs  were  neceflary  for  the  purpofe,  which  is  not  true  in  fadt. 
To  me,  however,  it  appears  very  probable,  that  this  philofo- 
pher  might,  before  he  purchafed  any  telefcope  of  Janfen,  have 
received  a  very  imperfedt  account  of  the  inftrument,  perhaps 
from  a  perfon  who  had  only  looked  through  it,  and  who  knew 
nothing  of  its  conftrudtion.  But  being  merely  certified  ot 
the  poflibility  of  effedting  the  purpofe  of  a  telefcope,  may  well 
be  fuppofed  to  have  put  a  man  of  fo  much  genius  and  curiofity 
as  Galileo  upon  making  trials,  which  might  enable  him  to  ac- 

•.  »  *  .  9 

*  Saverien’s  Hiftoire,  p.  247.  f  Nungius  Sidereus,  p.  4. 
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complifh  the  thing,  even  though  he  could  not  give  a  perfectly 
rational  account  of  the  powers  of  it ;  and  might,  in  many  re- 
fpeCts,  be  very  much  miftaken  concerning  it.  I  am  not  willing, 
without  the  cleared;  grounds,  to  queftion  the  veracity  of  fo  re- 
fpeCtable  a  perfon  as  Galileo. 

The  account  of  what  Galileo  actually  did  in  this  bufinefs,  is 
fo  circumftantially  related  by  the  author  of  his  life,  prefixed  to 
the  quarto  edition  of  his  works,  printed  at  Venice,  in  1744,  and 
it  contains  fo  many  particulars,  which  cannot  but  be  pleafing  to 
every  perfon  who  is  interefted  in  the  hiftory  of  telefcopes,  that 
I  fhall  abridge  a  part  of  it,  intermixing  circumftances  collected 
from  other  accounts. 

About  April  or  May,  in  1609,  it  was  reported  at  Venice, 
where  Galileo  (who  was  profeftor  of  mathematics  in  the  univer- 
fity  of  Padua)  then  happened  to  be,  that  a  Dutchman  had  pre- 
fented  to  Count  Maurice  of  Naftau,  a  certain  optical  inftrument, 
by  means  of  which,  diftant  objects  appeared  as  if  they  were  near  ; 
but  no  farther  account  of  the  difcovery  had  reached  that  place, 
though  this  was  near  twenty  years  after  the  firft  difcovery. 
Struck,  however,  with  this  account,  Galileo  inftantly  returned 
to  Padua,  confidering  what  kind  of  an  inftrument  this  muft  be. 
The  night  following  the  conftruCtion  occurred  to  him  ;  and  the 
day  after,  putting  the  parts  of  the  inftrument  together,  as  he  had 
previoufly  conceived  of  it,  and  notwithftanding  the  imperfection  of 
the  glafifes  that  he  could  then  procure,  the  eflfeCt  anfwered  his  ex¬ 
pectations,  as  he  prefently  acquainted  his  friends  at  Venice  ;  to 
which  place  he,  fix  days  afterwards,  carried  another,  and  a  bet¬ 
ter  inftrument  that  he  had  made,  and  where,  from  feveral  emi¬ 
nences,  he  ftiewed  to  fome  of  the  principal  fenators  of  that  re¬ 
public. 
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public,  a  variety  of  diftant  obje&s,  to  their  very  great  aftonifh- 
ment.  When  he  had  made  farther  improvements  in  the  inftru- 
ment,  he,  with  his  ufual  generolity,  and  franknefs  in  commu¬ 
nicating  his  difcoveries,  made  a  prefent  of  one  of  them  to  the 
Doge,  Leonardo  Donati,  and,  at  the  fame  time,  to  all  the  fe- 
nate  of  Venice  ;  giving  along  with  the  inftrument,  a  written  pa¬ 
per,  in  which  he  explained  the  ftruCture  and  wonderful  ufes  that 
might  be  made  of  it,  both  by  land  and  at  fea.  In  return  for  fo 
noble  an  entertainment,  the  republic,  on  the  25th  of  Auguft,  in 
the  fame  year,  more  than  trippled  his  falary  as  profefior. 

Our  philofopher  having  amufed  himfelf  for  fome  time  with 
the  view  of  terreftrial  objects,  at  length  directed  his  tube  towards 
the  heavens  ;  and,  obferving  the  moon,  he  found  that  the  fur- 
face  of  it  was  diverfified  with  hills  and  valleys,  like  the  earth. 
He  found  that  the  via  lactea  and  nebulce  confifted  of  a  collection  of 
fixed  ftars,  which,  on  account  either  of  their  vafl  diftance,  or 
extreme  fmallnefs,  were  invifible  to  the  naked  eye.  He  alfo 
difcovered  innumerable  fixed  Itars  difperfed  over  the  face  of  the 
heavens,  which  had  been  unknown  to  all  the  antients ;  and  exa¬ 
mining  Jupiter,  with  a  better  inftrument  than  any  he  had  made 
before,  he  found  that  he  was  accompanied  by  four  ftars,  which, 
in  certain  fixed  periods,  performed  revolutions  round  him 
and  which,  in  honour  of  the  houfe  of  Medici,  he  called  Medicean 

This  difcovery  he  made  in  January  1610,  new  ftyle  ;  and  con¬ 
tinuing  his  obfervations  the  whole  of  February  following,  in  the 
beginning  of  March  next  he  publilhed  an  account  of  all  his  dif¬ 
coveries,  in  his  Nuncins ^ Sdiereus ,  printed  at  Venice,  and  dedicat¬ 
ed  to  Cofimo,  great  Duke  of  Tufcany,  who,  by  a  letter  which 
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he  wrote  to  him  on  the  ioth  of  July,  1610,  invited  him  to  quit 
Padua,  and  afiigned  him  an  ample  hipend,  as  primate  and  ex¬ 
traordinary  profeffor  at  Pifa,  but  without  any  obligation  to  read 
ledtures,  or  to  refide. 

The  extraordinary  difcoveries  contained  in  the  Nuncius  Side- 
reus,  which  was  immediately  reprinted,  both  in  Germany  and 
France,  was  the  caufe  of  much  fpeculation  and  debate  among 
the  philofophers  and  aftronomers  of  that  time  ;  many  of  whom 
could  not  be  brought  to  give  any  credit  to  Galileo’s  account, 
while  others  endeavoured  to  decry  his  difcoveries,  as  being  no¬ 
thing  more  than  fidtions,  or  illulions.  Some  could  not  be 
prevailed  upon  even  to  look  through  a  telefcope  ;  fo  de¬ 
voted  were  they  to  the  fyftem  of  Ariftotle,  and  fo  averfe  to 
admit  any  other  fource  of  knowledge  betides  his  writings.  * 
When  it  was  found  to  be  in  vain  to  oppofe  the  evidence  of 
fenfe,  fome  did  not  fcruple  to  atiert,  that  the  invention  was 
taken  from  Ariftotle  ;  and  producing  a  paflage  from  his  writings, 
in  which  he  attempts  to  give  a  reafon  why  ftars  are  feen  in  the 
day  time  from  the  bottom  of  a  deep  well,  faid  that  the  well  cor- 
refponded  to  the  tube  of  the  telefcope,  and  that  the  vapours  which 
arofe  from  it,  gave  the  hint  of  putting  glatifes  into  it,  and  laftly, 
that,  in  both  cafes,  the  fight  is  ftrengthened  by  the  tranfmiflion 
of  the  rays,  through  a  thick  and  dark  medium.  Galileo  him- 
felf  tells  this  flory  with  a  great  deal  of  humour,  comparing  fuch 
men  to  alchymifts,  who  imagine  that  the  art  of  making  gold 
was  known  to  the  antients,  but  lay  concealed  under  the  fables 
of  the  poets. 

In  the  beginning  of  July,  of  the  fame  year  1610,  Galileo,  be- 
*  Vita  del  Galileo,  p.  57,  &c.  \  Galileo’s  Works,  Vol.  4,  p.  91. 

ing 


Sec.  III. 


OF  TELESCOPES. 


63 

in g  dill  at  Padua,  and  getting  an  imperfeCt  view  of  Saturn’s  ring, 
imagined  that  that  planet  confided  of  three  parts  ;  and  therefore, 
in  the  account  which  he  gave  of  this  difcovery  to  his  friends,  he 
calls  it  planet  am  tergeminum. 

Whild  he  was  dill  at  Padua,  which  mud  have  been  either  in 
the  fame  month  of  July,  or  the  beginning  of  Augud  following, 
he  obferved  fome  fpots  on  the  face  of  the  fun  ;  but,  contrary  to 
his  ufual  cudom,  he  did  not  chufe,  at  that  time,  to  publidi  his 
difcovery ;  partly  for  fear  of  incurring  more  of  the  hatred  of 
many  obdinate  Peripatetics  ;  and  partly,  in  order  to  make  more 
exaCt  obfervations  on  this  remarkable  phenomenon,  and  to  form 
fome  conjecture  concerning  the  probable  caufe  of  it.  He  there¬ 
fore  contented  himfelf  with  communicating  his  obfervations  to 
fome  of  his  friends  at  Padua  and  Venice,  among  whom  I  find  the 
name  of  father  Paul.  This  delay,  however,  was  the  caufe  of 
this  difcovery  being  conteded  with  him  by  the  famous  Scheiner, 
who  likewife  made  the  fame  obfervation  in  October  1 6 1 1 ,  and  I 
fuppofe  had  anticipated  Galileo  in  the  publication  of  it. 

About  the  end  of  Augud,  Galileo  left  Padua  and  went  to 
Florence,  and  in  November  following  he  was  fatisfied  that,  from 
the  September  preceeding,  V enus  had  been  continually  encreafing 
in  bulk,  and  that  the  changed  her  phafes  like  the  moon.  About 
the  end  of  March  1611,  Galileo  went  to  Rome,  where  he  gra¬ 
tified  the  cardinals,  and  all  the  principal  nobility,  with  a  view 
of  the  new  wonders  he  had  dilcovered  in  the  heavens,  and  among 
others  the  folar  fpots. 

From  thefe  difcoveries,  Galileo  obtained  the  name  of  Lynceus , 
who  was  famous  in  antiquity  for  the  acutenefs  of  his  fight  y  and 
moreover  the  Marquis  of  Monticelli  indituted  an  academy,  with 
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the  title  of  De  Lined ,  and  made  him  a  member  of  it.  *  Twen¬ 
ty-nine  years  Galileo  enjoyed  the  ufe  of  his  telefcope,  continual¬ 
ly  enriching  aftronomy  with  his  obfervations ;  but  by  tooclofean 
application  to  that  inftrument,  and  the  detriment  he  received 
from  the  nodturnal  air,  his  eyes  grew  gradually  weaker,  till,  in 
1639,  he  became  totally  blind  ;  a  calamity  which  he  bore  with 
patience  and  refignation,  worthy  of  a  great  philofopher.  It 
neither  broke  his  fpirits,  nor  interrupted  the  courfe  of  his  ftu- 
dies.  That  blindnefs,  in  the  cafe  of  Galileo,  who  could  re¬ 
flect  that  he  loft  his  eyes  in  the  caufe  of  feience ,  or  of  Milton, 
who  had  the  ftill  greater  fatisfadlion  to  have  loft  his  in  the  caufe 
of  public  liberty ,  might  not  be  felt  as  a  very  great  misfortune, 
will  eafily  be  conceived  by  ail  my  readers. 

The  firft  telefcope  that  Galileo  conftrudted,  magnified  only 
three  times ;  but  prefently  after  he  made  another,  which  magni¬ 
fied  eighteen  times,  and  afterwards,  with  great  trouble  and  ex¬ 
pence,  he  conftrudted  one  that  magnified  thirty-three  times,  and 
with  this,  it  was,  that  he  difeovered  the  fatellites  of  Jupiter,  and 
the  fpots  of  the  fun.§ 

Notwithftanding  Galileo  muft  be  allowed  to  have  confiderable 
merit  with  refpedt  to  telefcopes,  it  was  neither  that  of  the  per- 
fon  who  firft  hit  upon  the  conftrudtion,  nor  that  of  him  who 
thoroughly  explained  the  rationale  of  the  inftrument.  This  im¬ 
portant  fervice  to  fcience  was  performed  by  JOHN  KEPLER, 
whofe  name  is  famous  on  many  accounts  in  the  annals  of  philo- 
fophy,  and  efpecially  by  his  difeovery  of  the  great  law  of  mo¬ 
tion,  refpedting  the  heavenly  bodies  ;  which  is,  that  the  fquares 


*  Vita  del  Galileo,  p.  60.  +  General  Biographical  Di&ionary,  Vol.  5,  p.  269. 

§  Montucla,  Vol.  2,  p.  168. 
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of  their  periodical  times,  are  as  the  cubes  of  their  distances 
from  the  body  about  which  they  revolve  ;  a  proportion  which, 
however,  was  not  demonftrated  before  Sir  Ifaac  Newton.  Kep¬ 
ler  was  aftronomer  to  feveral  of  the  emperors  of  Germany,  he 
was  the  aflociate  of  the  celebrated  aftronomer  Tycho  Brahe,  and 
the  mafter  of  Defcartes. 

Kepler  made  feveral  difcoveries  relating  to  the  nature  of  vifion, 
and  not  only  explained  the  rationale  of  the  telefcope  which  he  found 
in  ufe,  but  alfo  pointed  out  methods  of  conftrudting  others,  of 
fuperior  powers,  and  more  commodious  application.  In  order 
to  give  my  reader  a  juft  idea  of  thefe  great  improvements  in  op- 
ticks,  I  muft  explain  the  doctrine  of  refraction  through  medi¬ 
ums  of  different  forms,  for  which  we  are  principally  indebted  to 

Kepler,  though  fomething  of  this  kind  was  done  by  Mauro- 
* 

To  explain  the  effects  of  convex  and  concave  glaffes  to  begin¬ 
ners  :  Let  DA,  fig.  17,  be  a  ray  of  light  falling  upon  a  convex 
denfe  medium,  the  center  of  which  is  E.  Ee,  then,  being  the 
perpendicular  to  the  point  of  incidence ;  when  the  ray  arrives  at 
A,  it  will  not  go  on  in  the  ftraight  line  At  but,  according  to  the 

*  I  wifhitwere  in  my  power  exactly  to  afcertain  the  claims  of  thefe  two  philofophers,  as 
I  fometimes  find  the  fame  difcoveries  afcribed  to  them  both  ;  but,  not  having  feen  Mau- 
rolycus’s  own  treatife,  I  am  not  able  to  do  it.  As  B.  Porta  does  not  mention  the  difco¬ 
veries  of  Maurolycus,  and  many  refpettable  writers  refer  to  Kepler  only  for  the  difcove¬ 
ries  relating  to  the  theory  of  vifion,  and  elpecially  the  ufe  of  convex  and  concave  glaffes 
to  different  conformations  of  the  eye  ;  I  rather  fufpedl  that  Montucla,  whom,  for  want 
of  any  other  guide,  I  have  been  obliged  to  follow,  in  my  account  of  what  was  done  by 
Maurolycus,  has  given  rather  too  much  to  the  Sicilian  philofopher,  efpecially  as  he  him- 
felf,  by  an  overfight,  which  it  would  be  very  imprudent  in  me  to  cenfure,  has  afcribtd 
fome  of  the  fame  difcoveries  to  them  both.  There  can  hardly  be  a  doubt  but  that  Kepler 
muft  have  been  acquainted  with  the  works  of  Maurolycus  ;  and  yet  I  do  not  find  that  he 
quotes  him  in  his  Paralipmena  ad  Vitellionm,  where  one  would  molt  naturally  expedl  it. 
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law  explained  before,  will  be  thrown  nearer  to  that  perpendicu¬ 
lar,  as  into  the  line  AT.  In  the  fame  manner  it  may  be  fhewn 
that  another  ray,  incident  in  B,  at  an  equal  diftance  on  the  other 
fide  of  the  central  point  C,  and  parallel  to  the  former  ray  DA, 
mud;  be  refracted  into  the  fame  point  T.  It  will  alfo  be  found, 
that  all  the  intermediate  parallel  rays  will  converge  very  nearly 
to  the  fame  point. 

On  the  other  hand,  if  the  rays  fall  parallel  on  the  infide  of 
this  denfer  medium,  as  in  fig.  1 8,  they  will  converge  to  a  point 
T  in  the  air,  or  any  rarer  medium.  For  the  ray  DA,  arriving 
at  A,  will  not  go  on  in  a  ftraight  line  D*,  but  will  be  bent  from 
the  perpendicular  E f,  into  AT.  Alfo  the  ray  incident  in  B,  at 
^  the  fame  diftance  from  the  central  point  C,  will  converge  to  the 
fame  place  T,  together  with  all  the  intermediate  parallel  rays. 

Since,  therefore,  rays  are  made,  to  converge  when  they  pafs 
either  from  a  rarer  or  a  denfer  medium,  terminated  by  a  convex 
furface,  and  converge  again  when  they  pafs  from  the  fame  medi¬ 
um  convex  towards  the  rarer,  a  lens  which  is  convex  on  both 
fides  muft,  on  both  accounts,  make  parallel  rays  converge  to  a 
point  beyond  it.  Thus  in  fig.  1 9,  the  parallel  rays  between  A 
and  B,  falling  upon  the  convex  furface  of  the  glafs  AB,  would, 
in  that  denfe  medium,  have  converged  to  T  ;  but  that  medium 
being  terminated  by  another  convex  furface,  they  will  be  made 
more  converging,  and  be  collected  in  a  place  nearer  to  the  lens, 
as  at  F. 

To  explain  the  effects  of  a  concave  glafs,  let  AB,  fig.  20,  be 
the  concave  fide  of  a  denfe  medium,  the  center  of  concavity  be¬ 
ing  at  E.  In  this  cafe,  DA  will  be  refracted  towards  the  perpen¬ 
dicular  EA ;  and  fo  alfo  will  the  ray  incident  at  B  ;  in  confe- 
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quence  of  which  they  will  diverge  from  one  another  within  the 
denfe  medium.  The  intermediate  rays  will  alfo  diverge  more  or 
lefs,  as  they  recede  from  the  central  ray  TC,  which,  being  in 
the  perpendicular,  will  go  ftraight  on. 

•  /  fk  !,  > 

If  the  rays  be  parallel  within  the  denfe  medium,  as  in  fig.  21, 
they  will  diverge  when  they  pafs  from  thence  into  a  rarer  me¬ 
dium,  through  a  concave  furface.  For  the  ray  DA  will  be  re¬ 
fracted  from  the  perpendicular  AE,  as  will  alfo  the  ray  that  is  in¬ 
cident  at  B,  together  with  all  the  intermediate  rays,  in  proportion 
to  their  diftance  from  the  central  ray  TC. 

If,  therefore,  a  denfe  medium,  as  the  glafs  AB,  fig.  22,  be  ter¬ 
minated  by  two  concave  furfaces,  parallel  rays  palling  through  it 
will  be  made  to  diverge  by  both  the  fides  of  it.  Thus  the  firft 
furface  AB  will  make  them  diverge  as  if  they  had  come  from  the 
point  T ;  and  with  the  effeCt  of  the  fecond  furface  added  to  this, 
they  will  diverge  as  from  a  nearer  point,  F. 

It  was  Kepler,  who  by  thefe  investigations  firft  gave  a  clear 
explication  of  the  effects  of  lenfes,  in  making  the  rays  of  a  pen¬ 
cil  of  light,  converge  or  diverge.  He  fhewed  that  a  plano-con¬ 
vex  lens  makes  rays  that  were  parallel  to  its  axis,  to  meet  at  the 
diftance  of  the  diameter  of  the  fphere  of  convexity  ;  but  that  if 
both  fides  of  the  lens  be  equally  convex,  the  rays  will  have  their 
focus  at  the  diftance  of  the  radius  of  the  circle,  correfponding  to 
that  degree  of  convexity.  But  he  did  not  inveftigate  any  rule  for 
the  foci  of  lenfes  unequally  convex.  He  only  fays,  in  general, 
that  they  will  fall  fomewhere  in  the  medium,  between  the  foci 
belonging  to  the  two  different  degrees  of  convexity.  It  is  to 
Cavallieri  that  we  owe  this  inveftigation.  He  laid  down  this 
rule.  As  the  fum  of  both  the  diameters  is  to  one  of  them,  fo 
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is  the  other  to  the  diftance  of  the  focus.  All  thefe  rules  con¬ 
cerning  convex  lenfes  are  applicable  to  thofe  that  are  concave, 
with  this  difference,  that  the  focus  is  on  the  contrary  fide  of  the 

glafs.  * 

Upon  this  principle  it  was  not  difficult  to  find  the  foci  of  pen¬ 
cils  of  rays  ifluing  from  any  point  of  the  axis  of  the  lens ;  fince 
thofe  that  are  parallel  will  meet  in  the  focus  ;  and  if  they  ifiue 
from  the  focus,  they  will  be  parallel  on  the  other  fide.  If  they 
iffue  from  a  point  between  the  focus  and  the  glafs,  they  will  con¬ 
tinue  to  diverge  after  paffing  the  lens,  but  lefs  than  before  ;  and 
thofe  that  come  from  beyond  the  focus  will  converge  after  paf¬ 
fing  the  glafs,  and  will  meet  in  a  place  beyond  the  oppofite  fo¬ 
cus.  This  philofopher  particularly  obferved,  that  rays  which 
ifiue  from  twice  the  difiance  of  the  focus  will  meet  at  the  fame 
diftance  on  the  other  fide.  The  mofi  important  of  thefe  obfer- 
vations  have  been  already  illuftrated  by  proper  figures,  and  from 
them  the  refi  may  be  pretty  eafily  conceived .  Later  optical  writers 
have  affigned  the  diftances  at  which  rays  ifluing  from  any  other 
place  in  the  axis  of  a  lens  will  meet ;  but  Kepler  was  too  much 
intent  upon  his  afironomical  and  other  purfuits,  to  give  much  at¬ 
tention  to  geometry.  As  it  is  not  my  defign  in  this  work  to  give 
the  hifiory  of  inveftigations  that  are  purely  geometrical,  in  the 
fcience  of  opticks,  I  fliall  content  myfelf  with  fubjoining,  from 
Montucla,  the  following  rule  concerning  this  fubjedt.  As  the 
excefs  of  the  diftance  of  the  object  from  the  glafs,  above  the 
diftance  of  the  focus,  is  to  the  diftance  of  the  focus ;  fo  is  this 
diftance,  to  the  place  of  convergency  beyond  the  glafs.  The 
fame  rule  will  find  the  point  of  divergency,  when  the  rays  ifiue 

*  Montucla,  Vol,  2.  p.  176, 
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from  any  place  between  the  lens  and  the  focus.  For,  then,  the 
excefs  of  the  diftance  of  the  objedt  from  the  glafs,  above  that  of 
the  focus,  is  negative,  which  is  the  fame  diftance  taken  the  con¬ 
trary  way.  * 

If  my  reader  be  matter  of  the  principles  above  mentioned, 
for  which  we  are  chiefly  indebted  to  Kepler,  he  will  not  find 
it  difficult  to  underftand  the  rationale  of  telefcopes  and  mi- 
crofcopes,  a  general  idea  of  which  (fufficient,  however,  for  my 
purpofe)  I  fhall,  in  this  fedtion,  endeavour  to  give  him,  ap¬ 
plied  to  the  principal  conttrudtions  which  are  now  in  ufe. 

The  principal  effedts  of  telefcopes  depend  upon  thefe  plain 
maxims,  viz.  that  objedts  appear  larger  in  proportion  to  the  an¬ 
gles  which  they  fubtend  at  the  eye  j  and  the  effedt  is  the  fame 
whether  the  pencils  of  rays,  by  which  objedts  are  vifible  to  us, 
come  diredtly  from  the  objedts  themfelves,  or  from  any  place 
nearer  to  the  eye,  where  they  may  have  been  united,  fo  as 
to  form  an  image  of  the  objedt ;  becaufe  they  iflue  again  from 
thofe  points,  where  there  is  no  real  fubttance,  in  certain  direc¬ 
tions,  in  the  fame  manner  as  they  did  from  the  correfponding 
points  in  the  objedts  themfelves. 

In  fadt,  therefore,  all  that  is  effedted  by  a  telefcope  is,  firtt  to 
make  fuch  an  image  of  a  dittant  objedt,  by  means  of  a  lens  or 
mirror,  and  then  to  give  the  eye  fome  aflittance  for  viewing  that 
image  as  near  as  poffible ;  fo  that  the  angle  which  it  fhall  fub¬ 
tend  at  the  eye,  may  be  very  large,  compared  with  the  angle 
which  the  objedt  itfelf  would  fubtend  in  the  fame  fituation. 
This  is  done  by  means  of  an  eye  glafs ,  which  fo  refradts  the  pen¬ 
cils  of  rays,  as  that  they  may  afterwards  be  brought  to  their 


*  Montucla,  Vol.  2.  p.  177. 
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feveral  foci,  by  the  natural  humours  of  the  eye.  But  if  the  eye 
was  fo  formed  as  to  be  able  to  fee  the  image,  with  fufficient  dif- 
tindtnefs,  at  the  fame  diftance,  without  any  eye  glafs,  it  would 
appear  to  him  as  much  magnified  as  it  does  to  another  perfon 
who  makes  ufe  of  a  glafs  for  that  purpofe,  though  he  would  not, 
in  all  cafes,  have  fo  large  a  field  of  view. 

If,  inftead  of  an  eye  glafs,  an  objedt,  or  the  image  of  an  ob¬ 
ject,  be  looked  at  through  a  fmall  hole,  in  a  thin  plate  or  piece 
of  paper,  held  clofe  to  the  eye,  it  may  be  viewed  very  near  to 
the  eye,  and,  at  the  fame  diftance,  the  apparent  magnitude  of  the 
objedt  will  be  the  fame  in  both  cafes.  For  if  the  hole  be  fo 
fmall  as  to  admit  but  a  fingle  ray  from  every  diftindt  point  of 
the  objedt,  thefe  rays  will  fall  upon  the  retina,  in  as  many  other 
diftindt  points,  and  make  a  diftindt  image.  *  They  are  only 
pencils,  or  cones  of  rays,  which  have  a  fenfible  bafe,  as  the 
breadth  of  the  pupil,  that  are  capable,  by  their  fpreading  on  the 
retina,  of  producing  an  indiftindt  image.  As  very  few  rays,  how¬ 
ever,  can  be  admitted  through  a  fmall  hole,  there  will  feldom  be 
light  fufficient  to  view  any  objedt  to  advantage  in  this  manner.  *f* 
If  no  image  be  adtually  formed  by  the  foci  of  the  pencils 
without  the  eye,  yet  if,  by  the  help  of  any  eye  glafs,  the  pencils 
of  rays  ftiall  enter  the  pupil,  juft  as  they  would  have  done  from 
any  place  without  the  eye,  the  vijual  angle  will  be  the  fame,  as 
if  an  image  had  adtually  been  formed  in  that  place. 

Upon  thefe  principles  the  effedt  of  a  Galilean  telefcope  is  ea- 
fily  explained.  Let  AB,  fig.  23,  be  a  diftant  objedt,  from  every 

*  Smith’s  Opticks,  Vol.  i,  p.  37.  f  Dr.  Franklin  informs  me,  that  his  eye  is 
fuch,  that  he  can,  to  great  advantage,  make  ufe  of  many  objedt  glafles,  without  any  eye 
glafs ;  fo  that  he  has  no  occafion  for  more  than  a  fingle  lens  to  make  himfelf  a  good  telefcope. 
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point  of  which  pencils  of  rays  Blue,  and  falling  upon  the  con¬ 
vex  glafs,  DE,  tend  to  their  foci  at  FSG.  But  a  concave  lens, 
IH  (the  focus  of  which  is  at  FG)  being  interpofed,  the  converg¬ 
ing  rays  of  each  pencil  are  made  parallel  when  they  reach  the 
pupil ;  fo  that,  by  the  refradtive  power  of  the  humours  of  the 
eye,  they  can  eafily  be  brought  to  a  focus  on  the  retina,  at  PQR. 
Alfo,  the  pencils  themfelves  diverging,  as  if  they  had  come  from 
X,  MXO  is  the  angle  under  which  the  image  will  appear,  which 
is  much  larger  than  the  angle  under  which  the  objedt  itfelf  would 
have  appeared.  Objedts  will  not  appear  inverted  through  this 
telefcope,  becaufe  the  pencils  which  form  the  images  of  them, 
only  crofs  one  another  once,  viz.  at  the  objedt  glafs,  as,  in  na¬ 
tural  vilion,  they  do  in  the  pupil  of  the  eye. 

Such  is  the  telefcope  that  was  firft  difcovered,  and  ufed  by  phi- 
lofophers  5  and  it  is  remarkable  that  it  fhould  be  of  a  much  more 
difficult  conftrudtion  than  fome  other  kinds  that  have  been  in¬ 
vented  fince.  The  great  inconvenience  attending  it  is,  that  the 
held  of  view  is  exceedingly  fmall.  For  fince  the  pencils  of  rays 
enter  the  eye  very  much  diverging  from  one  another,  but  few  of 
them  can  be  intercepted  by  the  pupil ;  and  this  inconvenience 
increafes  with  the  magnifying  power  of  the  telefcope  fo  that 
philofophers  at  this  day  cannot  help  wondering,  that  it  was  pof- 
fible,  with  fuch  an  inftrument,  for  Galileo  and  others  to  have 
made  the  difcoveries  they  did.  It  mufl  have  required  incredible 
patience  and  addrefs.  No  other  telefcope,  however,  than  this, 
was  fo  much  as  thought  of  for  many  years  after  the  difcovery. 
Defcartes,  who  wrote  thirty  years  after,  mentions  no  other  as 
adtually  conftrudted,  though  Kepler  had  fuggefted  fome. 
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It  is  to  this  great  man  that  we  are  indebted  for  the  conftruc- 
tion  of  what  we  now  call  the  aftronomical  telefcope,  being  beft 
adapted  for  the  purpofe  of  viewing  the  heavenly  bodies.  The 
rationale  of  this  inftrument  is  explained,  and  the  advantages  of 
it  clearly  pointed  out  by  this  philofopher  in  his  Catoptricks  ;  but, 
what  is  very  furprifing,  he  never  actually  reduced  his  excellent 
theory  into  practice.  Montucla  conjectures,  that  the  reafon  why 
he  did  not  make  trial  of  his  new  conftruCtion  was,  his  not  be- 
being  aware  of  the  great  increafe  of  the  field  of  view ;  fo  that, 
being  engaged  in  other  purfuits,  he  might  not  think  it  of  much 
confequence  to  take  any  pains  about  the  conftruCtion  of  an  in¬ 
ftrument,  which  could  do  little  more  than  anfwer  the  fame  pur¬ 
pofe  with  thofe  of  which  he  was  already  pofleffed.  He  muff 
alfo  have  forefeen,  that  the  length  of  this  telefcope  muft  have 
been  greater  in  proportion  to  its  magnifying  power ;  fo  that,  it 
might  appear  to  him  to  be,  upon  the  whole,  not  quite  fo  good 
a  conftruCtion  as  the  former. 

It  was  not  long,  however,  before  Kepler’s  new  fcheme  of  a 
telefcope  was  executed ;  and  the  firft  perfon  who  actually  made 
an  inftrument  of  this  conftruCtion,  was  Father  Scheiner,  who 
has  given  a  defcription  of  it  in  his  Rofa  Urfina,  publifhed  in 
1630.  If,  fays  he,  you  infert  two  fimilar  lenfes  (that  is,  both 
convex)  in  a  tube,  and  place  your  eye  at  a  convenient  diftance, 
you  will  fee  all  terreflrial  objeCts  inverted,  indeed,  but  magni¬ 
fied  and  very  diftinCt,  with  a  confiderable  extent  of  view.  He 
afterwards  fubjoins  an  account  of  a  telefcope  of  a  different  con¬ 
ftruCtion,  with  two  convex  eye  glaffes,  which  again  reverfes  the 
images,  and  makes  them  appear  in  their  natural  pofition.  This 
difpofition  of  the  lenfes  had  alfo  been  pointed  out  by  Kepler,  but 
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had  not  been  reduced  to  practice  by  him,  any  more  than  the  for¬ 
mer.  This  conftrudion,  however*  anfwered  the  end  but  very 
imperfedly ;  and  Father  Rheita,  prefently  after,  hit  upon  a  better 
conftrudion,  ufing  three  eye  glalfes  inftead  of  two.  * 

As  the  firft  and  laft  of  thefe  conftrudions  are  thofe  which  are 
now  in  common  ufe,  I  fhall  give  a  brief  defcription  of  them  in 
this  place.  The  rays  of  each  pencil  iffuing  from  every  point  of 
the  objed  ABC,  fig.  24,  palling  through  the  object  glafs  DEF, 
become  converging,  and  meet  in  their  foci  at  IHG,  where  an 
image  of  the  objed  will  be  formed.  If  then  another  convex 
lens,  KM,  of  a  ffiorter  focal  length,  be  fo  placed,  as  that  its  fo¬ 
cus  fhall  be  in  IHG,  the  rays  of  each  pencil,  after  paffing  through 
it,  will  become  nearly  parallel,  fo  as  to  meet  upon  the  retina, 
and  form  an  enlarged  image  of  the  objed  at  RST.  If  the  pro- 
grefs  of  the  rays  be  traced,  it  will  prefently  be  perceived,  that 
this  image  mull  be  inverted.  For  the  pencil  that  iffues  from  A 
has  its  focus  in  G,  and  again  in  R,  on  the  fame  fide  with  A. 
But  as  there  is  always  one  inverfion  in  fimple  vifion,  this  want  of 
inverfion  produces  juft  the  reverfe  of  the  natural  appearance. 
The  field  of  view  in  this  telefcope  will  be  large,  becaufe  all  the 
pencils  that  can  be  received  on  the  furface  of  the  lens  KM,  be¬ 
ing  converging  after  paffing  through  it,  are  thrown  into  the  pu¬ 
pil  of  the  eye,  placed  at  the  common  interfedion  of  the  pencils 
at  P. 

The  proportion  in  which  this  telefcope  magnifies,  is  as  the 
focal  length  of  the  objed  glafs  to  that  of  the  eye  glafs.  For, 
negleding  the  length  of  the  telefcope,  as  bearing  no  fenfible  pro¬ 
portion  to  the  diftance  of  an  objed,  the  angle  under  which  the 
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objedt  is  viewed  is  AEG,  which  is  equal  to  KEM  ;  but  the  an¬ 
gle  with  which  the  pencils,  that  form  the  image  come  to  the  eye 
is  KPM,  or  its  equal  ILG  (the  pencil  MP  being  refradted  pa¬ 
rallel  to  GL,  and  KP  to  IL)  and  thefe  angles  are  to  one  another 
as  LH  to  HE. 

The  magnifying  power  of  the  Galilean  telefcope  is  alfo  efti- 
mated  by  the  fame  rule  3  the  only  difference  between  them  being 
this,  that  the  pencils  by  which  the  extremities  of  any  objedt  are 
feen  in  this  cafe,  enter  the  eye  diverging,  whereas,  in  the  other, 
they  enter  it  converging 3  but  if  the  fphere  of  concavity  in  the 
eye  glafs  of  the  Galilean  telefcope  be  equal  to  the  fphere  of  con¬ 
vexity  in  the  eye  glafs  of  another  telefcope,  their  magnifying 
power  will  be  the  fame.  The  concave  eye  glafs,  however,  be¬ 
ing  placed  between  the  objedt  glafs  and  its  focus,  the  Galilean 
telefcope  will  be  fhorter  than  the  other,  by  twice  the  focal  length 
of  the  eye  glafs.  Confequently,  if  the  length  of  the  telefcopes 
be  the  fame,  the  Galilean  will  have  the  greater  magnifying 
power. 

Vifion  is  alfo  more  diftinct  in  thefe  telefcopes,  owing  perhaps, 
in  part,  to  there  being  no  intermediate  image  between  the  eye 
and  the  objedt.  Betides,  the  eye  glafs  being  very  thin  in  the 
center,  the  rays  will  be  lefs  liable  to  be  diftorted  by  irregularities 
in  the  fubftance  of  the  glafs.  Whatever  be  the  caufe,  we  can 
fometimes  fee  Jupiter’s  fatellites  very  clearly  in  a  Galilean  telef¬ 
cope  not  more  than  twenty  inches,  or  two  feet  long  3  when  one 
of  four  or  five  feet,  of  the  common  fort,  will  hardly  make  them 
vifible.* 


*  Martin’s  New  Elements  of  Opticks,  p.  18. 
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In  the  telefcope  with  three  eye  glattes,  called  the  terrefirial  te- 
lefcope ,  becaufe  it  is  chiefly  ufed  for  terrefirial  objects,  after  the 
rays  have  paffed  the  firtt  eye  glafs,  HI,  fig.  25,  as  in  the  former 
conftrudtion,  inttead  of  being  there  received  by  the  eye,  they 
pafs  on  to  another  equally  convex  lens,  fituated  at  twice  its  focal 
dittance  from  the  other,  fo  that  the  rays  of  each  pencil,  being 
parallel,  in  all  that  interval,  thofe  pencils  crofs  one  another  in 
the  common  focus,  and  the  rays  confiituting  them  are  tranfmit- 
ted  parallel  to  the  fecond  eye  glafs  LM ;  after  which  the  rays  of 
each  pencil  converge  to  other  foci  at  NO,  where  a  fecond  image 
of  the  objedt  is  formed,  but  inverted  with  refpedt  to  the  former 
image  in  EF.  This  image,  then,  being  viewed  by  a  third  eye 
glafs  QR,  is  painted  upon  the  retina  at  XZY,  exadtly  as  before, 
only  in  a  contrary  pofition  ;  for  the  pencil  that  iflues  from  A,  after 
coming  to  a  focus  in  F  and  N,  forms  the  image  of  that  point  at 
laft  at  Y,  in  the  fame  pofition  as  it  would  have  done  without  the 
intervention  of  any  lens  at  all. 

The  fame  Father  Rheita,  to  whom  we  are  indebted  for  this 
ufeful  conftrudtion  of  a  telefcope  for  land  objedts,  invented  a  bi¬ 
nocular  telefcope ,  which  Father  Cherubin,  of  Orleans,  endeavour¬ 
ed  to  bring  into  ufe  afterwards.  It  confifts  of  two .  telefcopes 
fattened  together,  and  made  to  point  to  the  fame  objedt.  When 
this  inftrument  is  well  fixed,  the  objedt  appears  larger,  and  near¬ 
er  to  the  eye  when  it  is  feen  through  both  the  telefcopes,  than 
through  one  of  them  only,  though  they  have  the  very  fame  mag¬ 
nifying  power.  But  this  is  only  an  illufion,  occafioned  by  the 
ttronger  impreflion  that  two  equal  images,  equally  illuminated, 
make  upon  the  eye.  This  advantage,  however,  is  counterba¬ 
lanced  by  the  inconvenience  attending  the  ufe  of  it.* 

*  Montucla,  Vol.  2.  p.  173. 
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The  invention  of  MICROSCOPES  was  not  much  later  than 
that  of  telefcopes,  and,  according  to  Borellus,  whofe  account  I  do 
not  find  to  have  been  called  in  queftion  by  any  perfon,  we  are  in¬ 
debted  for  them  to  the  fame  author,  at  leaft  to  Z.  Janfen*  in 
conjunction  with  his  fon  $  and  for  this  latter  favour  we  may, 
perhaps,  be  confidered  as  under  more  obligation  to  them  than  for 
the  former,  the  microfcope  having  more  various  and  extenfive 
ufes,  with  refpeCt  to  philofophy,  than  the  telefcope.  In  our 
ideas,  however,  it  appears  fomething  greater ,  and  more  extra¬ 
ordinary,  to  be  able  to  fee  objeCts  too  diflant  to  be  perceived  by 
the  naked  eye,  than  thofe  that  are  too  near  to  be  feen  by  us  ;  and 
therefore  there  is  more  of  the  fublime  in  the  telefcope  than  the 
microfcope.  Thefe  two  inftruments,  though  different  in  their 
application,  are,  notwithftanding,  very  fimilar  5  as  both  of  them 
affifi:  us  in  the  difcovery  of  objects  that  we  muft  otherwife  have 
remained  unacquainted  with  j  by  enlarging  the  angle  which  they 
fubtend  at  the  eye. 

The  Janfens,  however,  have  not  always  enjoyed,  undifturbed, 
that  fhare  of  reputation  to  which  they  feem  to  be  intitled,  with 
refpeCt  either  to  the  telefcope  or  the  microfcope.  The  difcovery 
of  the  latter,  in  particular,  has  generally  been  confidered  as  more 
uncertain  than  that  of  the  former.  All  that  many  writers  fay, 
we  can  depend  upon  is,  that  microfcopes  were  firfi:  ufed  in  Ger¬ 
many,  about  the  year  1621.  Others  fay  pofitively,  that  this  in- 
ftrument  was  the  contrivance  of  Cornelius  Drebell,  *  no  philofo- 
pher,  but  a  man  of  curiofity  and  ingenuity,  who  alfo  invented 
the  thermometer. 

*  Saverien’s  Hiftoire,  p.  257. 
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According  to  Borellus,  Zacharias  Janfen  and  his  fon  prefented 
the  firfh  microfcopes  they  had  conftru&ied  to  prince  Maurice,  and  v 
Albert,  Archduke  of  Auftria.  William  Borell,  who  gives 
this  account,  in  a  letter  to  his  brother  Peter,  fays,  that  when  he 
was  ambaflador  in  England,  in  1619,  Cornelius  Drebell,  with 
whom  he  was  intimately  acquainted,  fhewed  him  a  microfcope, 
which  he  faid  was  the  fame  that  the  Archduke  had  given  him, 
and  had  been  made  by  Janfen  himfelf.  This  inflrument  was  not 
fo  fhort  as  they  are  generally  made  at  prefent,  but  was  fix  feet 
long,  confifling  of  a  tube  of  gilt  copper,  an  inch  in  diameter, 
fupported  by  three  brafs  pillars,  in  the  fhape  of  Dolphins,  on 
a  bafe  of  ebony,  on  which  the  fmall  objedls  were  placed.  * 

This  telefcope  of  Drebell’s,  was  evidently  a  compound  one,  or, 
rather  fomething  betwixt  a  telefcope  and  a  microfcope,  what  we 
fhould  now,  perhaps,  chufe  to  call  a  megalafcope  ;  fo  that  it  is  pof- 
fible  that  Jingle  microfcopes  might  have  been  known,  and  in  ufe, 
fome  time  before  :  but  perhaps  no  body  thought  of  giving  that 
name  to  fingle  lenfes,  though,  from  the  firft  ufe  of  lenfes,  they 
could  not  but  have  been  ufed  for  the  purpofe  of  magnifying  fmall 
objects.  In  this  fenfe  we  have  feen,  that  even  the  antients  were 
in  poffeflion  of  microfcopes  and  it  appears  from  Jamblicus  and 
Plutarch,  quoted  by  Dr.  Rogers,  that  they  gave  fuch  inflru- 
ments  as  they  ufed  for  this  purpofe  the  name  of  dioptra.  As 
fpedtacles  were  certainly  in  ufe  long  before  the  invention  of  te- 
lefcopes,  one  can  hardly  help  concluding,  that  lenfes  muffc  have 
been  made  fmaller,  and  more  convex,  for  the  purpofe  of  magni¬ 
fying  of  minute  objects ;  efpecially  as  the  application  of  this 
kind  of  microfcope  was  nearly  the  fame  with  that  of  a  fpe&acle 

*  Borellus  de  vero  telelcopii  inventore,  p.  35. 
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glafs,  both  of  them  being  held  clofe  to  the  eye.  At  what  time 
lenfes  were  made  fo  fmall  as  we  now  generally  ufe  them,  for  mag¬ 
nifying  in  Single  microfcopes,  I  have  not  found.  But  as  this 
rnuft  neceSTarily  have  been  done  gradually,  the  only  proper  objedt 
of  inquiry  is  the  invention  of  the  double ,  or  compound  microfcope ; 
and  this  is  clearly  given,  by  the  evidence  of  Borellus  above-men¬ 
tioned,  to  Zacharias  Janfen,  the  inventor  of  the  telefcope,  or 
his  fon. 

The  invention  of  compound  microfcopes  is  claimed  by  the 
fame  Fontana,  who  claimed  the  difcovery  of  telefcopes  and 
though  he  did  not  pubiifh  any  account  of  this  improvement  till 
the  year  1 646  (notwithstanding  he  pretended  to  have  made  the 
difcovery  in  1618)  Montucla,  not  having  attended  perhaps  to  the 
teftimony  of  Borellus,  is  willing  to  allow  his  claim,  as  he  thought 
there  was  no  other  perfon  who  feemed  to  have  any  better  right 
to  it. 

The  fimple  microfcope  confifts  of  nothing  more  than  a  tingle 
fmall  lens,  AB,  fig.  26,  interpofed  between  the  eye  and  the  ob¬ 
ject  CD.  When  the  pencils  of  rays  have  been  tranfmitted 
through  this  lens,  they  meet  upon  the  retina  at  GH.  The  pro¬ 
per  ufe  of  this  microfcope  is  that,  the  lens  being  placed  in  the 
focus  of  parallel  rays,  the  rays  of  each  pencil,  though  they  iSTue 
from  a  place  much  nearer  to  the  eye  than  the  neareft  limit  of  dif- 
tindt  vifion,  may  neverthelefs  enter  the  eye  parallel,  and  there¬ 
fore  be  eafily  united  in  their  foci  upon  the  retina.  But  if  it  were 
poSSible  for  the  objedt  to  be  feen  diftindtlyat  this  distance  by  the 
eye,  unaflifted  with  any  glafs,  the  image  upon  the  retina  would 
be  juft  as  large  ;  fo  that  the  magnifying  power  of  thefingle  mi¬ 
crofcope  is  in  the  proportion  of  the  neareft  limit  of  diftindt  vi- 
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lion,  to  the  focal  length  of  the  lens.  If,  for  inftance,  the  glafs 
be  a  fmall  round  globule,  whofe  focal  distance  is  of  an 
inch,  and  the  neared;  limit  of  diftindt  vilion  be  eight  inches,  this 
globule  will  magnify  as  8  to  A>  or  as  160  to  one. 

The  compound,  or  double  microfcope,  is  an  inftrument  fimilar 
to  the  aftronomical  telefcope,  confifting  of  two  convex  lenfes,  an 
objedt  glafs  and  an  eye  glafs ;  by  the  former  of  which  an  image 
of  the  objedt  is  formed,  which  image  the  eye  is  enabled  to  view 
diftindtly,  at  a  near  diftance,  by  the  help  of  the  latter.  But  they 
differ  in  this,  that  in  the  telefcope  the  rays  of  each  pencil  fall 
upon  the  objedt  glafs  nearly  parallel,  and  are  therefore  united  in 
its  focus  ;  but  in  the  microfcope  they  fall  upon  it  very  much  di¬ 
verging  from  one  another,  and  therefore  form  the  image  in  a 
place  beyond  the  focus  of  the  glafs,  and  confequently  larger  than 
the  objedt  itfelf.  All  this  will  be  evident  from  fig.  27,  in  which 
when  the  pencils  of  rays,  iffuing  from  the  points  of  the  objedt 
KCL,  have  been  tranfmitted  through  the  objedt  lens  AB,  their 
foci  will  be  at  MN ;  where,  confequently,  there  will  be  an  im¬ 
age  of  the  objedt,  which  is  viewed  by  another  lens,  or  eye  glafs 
EF,  the  focus  of  which  is  at  MN.  By  this  means  the  objedt 
appears  inverted  upon  the  retina,  at  OQP.  But  the  field  of  diftindt 
vifion  is  larger  than  in  the  fingle  microfcope  ;  becaufe  all  the 
rays  that  can  be  received  by  the  lens  EF  are  thrown  into  the  pu¬ 
pil  of  the  eye. 

Through  this  microfcope,  an  objedt  appears  magnified  on  two 
accounts  ;  the  image  itfelf  being  larger  than  the  objedt,  and  we 
being  able  to  view  it  diftindtly  at  a  lefs  diftance.  If,  for  inftance, 
the  image  be  twenty  times  larger  than  the  objedt,  and,  by  the 
help  of  the  eye  glafs,  we  are  able  to  view  it  five  times  nearer 
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than  we  could  have  done  with  the  naked  eye,  it  will,  on  both 
thefe  accounts  together,  be  magnified  5  times  20,  or  100  times. 

Compound  microfcopes  are  now  generally  made  with  two  eye 
glafies,  which  give  a  much  larger  field  of  view,  and  likewife  in- 

4  j  ,  .  , 

creafe  their  magnifying  power.  In  fig.  28,  GKreprefents  this 
additional  eye  glafs,  which  may  be  of  a  confiderable  diameter, 
fince  the  rays  converge  from  thence  to  the  next  and  proper  eye 
glafs.  By  this  glafs  GK  pencils  of  rays,  coming  from  the  ob¬ 
ject  glafs,  are  refradted  fo  as  to  tend  to  a  focus  at  O  ;  but  being 
intercepted  by  the  proper  eye  glafs  DF,  they  are  brought  toge¬ 
ther  at  I,  which  is  nearer  to  that  lens  than  its  proper  focus  at  L  ; 
fo  that  the  angle  DIF,  under  which  the  objedt  now  appears,  is. 
larger  than  DLF,  under  which  it  would  have  appeared  without 
this  additional  glafs ;  and  confequently  the  objedt  is  more  mag¬ 
nified  in  the  fame  proportion.  *  Dr.  Hooke  tells  us  that  in 
moft  of  his  obfervations  he  made  ufe  of  a  double  microfcope,  with 
this  broad  middle  glafs,  when  he  wanted  to  fee  much  of  ah  ob¬ 
jedt  at  one  view,  and  taking  it  out  when  he  would  examine  the 
fmall  parts  of  an  objedt  more  accurately;  for  the  fewer  refrac¬ 
tions  there  are,  the  more  bright  and  clear  the  objedt  appears,  -f* 

I  fiiall  conclude  this  account  of  telefcopes  and  microfcopes, 
with  the  following  obfervations  from  Dr.  Smith.  To  fit  thefe 
inftruments  to  fhort-fighted  eyes,  the  objedt  glafs,  and  the  eye 
glafs  mult  be  placed  a  little  nearer  together ;  fo  that  the  rays  of 
each  pencil  may  not  emerge  parallel,  but  may  fall  diverging  up¬ 
on  the  eye ;  and  then  the  apparent  magnitude  of  the  objedt  will 
be  altered  a  little,  but  fcarce  fenfibly. 

*  Martin’s  Philofophia  Britannica,  Vol.  3,  p.  46  f  Smith’s  Opticks,  Vol.  2,  p.  402. 
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The  brightnefs  of  the  appearance  through  a  given  telefcope  or 
microfcope  is  more  or  lefs,  in  proportion  to  the  aperture  of  the 
object  glafs  ;  for,  fuppofing  it  to  be  covered  with  paper,  except 
a  fmall  place  in  the  middle,  the  magnitudes  of  the  pictures  in 
the  foci  of  the  glades,  and  alfo  upon  the  retina,  would  not  be 
altered  ;  but,  fewer  rays  of  every  pencil  being  admitted,  the  ob- 
iedt  would  appear  more  obfcure.  If  the  aperture  and  objedt 
glafs  remain  the  fame,  objedts  will  appear  more  or  lefs  bright,  ac¬ 
cording  as  the  focal  didance  of  the  eye  glafs  is  longer  or  fhorter ; 
that  is,  according  as  the  telefcope  or  microfcope  magnifies  lefs  or 
more.  For  the  fame  quantity  of  light  Jfpread  over  a  fmaller  pic¬ 
ture  mud  make  it  brighter,  and  fpread  over  a  larger  pidture  mud 
make  it  duller. 

The  following  general  obfervations  concerning  vifion,  through 
glafles,  he  fays,  are  worth  remembering,  viz.  that  the  apparent 
diftinBnefs ,  or  condition,  of  an  objedt,  depends  upon  the  mutual 
inclination  of  the  rays  in  any  one  pencil  to  each  other,  when  they 
fall  from  the  eye ;  the  apparent  magnitude  depends  upon  the  in¬ 
clination  of  the  rays  of  different  pencils  to  each  other,  the  ap¬ 
parent  Jituation  depends  upon  the  real  fituation  of  the  extreme 
pencils ;  and  ladly,  the  apparent  brightnefs ,  or  obfcurity,  de¬ 
pends  upon  the  quantity  of  rays  in  every  pencil.  * 

*  Smith’s  Opticks,  Vol.  i.p.  42. 
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o-  r  >/I)  o)  5 j j Ji  ^ f ;  •  «  '  1 1  u ->j-. *v'i.} vK^ 

Miscellaneous  discoveries  of  KEPLER  and  his 

cotemporaries. 


ESIDES  the  doCtrine  of  lenfes ,  and  the  rationale  of  telef- 

ku  vws  onl  a  ■  nm n  a<  npiyjJtbi  atn  hmw  ^  idnasia  5ui£r 

copes,  depending  upon  it,  we  are  indebted  to  Kepler  for 

his  attention  to  feveral  other  branches  of  optical  fcience,  parti¬ 
cularly  the  bufinefs  of  refraftion,  and  the  nature  of  vijion.  With 

refpedt  to  the  latter,  I  have  already  hinted,  that  he  has  confide- 

vcl  \?n9inD  )if(j  "'Ljfijo  dob  niljisom  »i3jriij£  //  ;.-,»*•>  Ijdj&'T 

rable  merit.  With  refpeCt  to  the  former,  his  obfervations  are  not 

-tacL3flJ  ol  it  io  ^on&iToqrtn  oni  *3  sq  ,onw  <3m.icL  ono/i 

of  fo  much  value. 

oichP 3*i Otj »  itijhi  t .! ! 1 1  H'>'j  '}()rt  p v  o  >'>  ,yino(to *o •  'U0iw3t 

The  inquiries  that  philofophers  were  induced  to  make  into 
the  rationale  of  telefcopes  and  microfcopes,  led  them  to  confider 

{Jin  .1  t 1  *  •  *  *■  1  i,  .»*!  jj.  iflj  Ji  ■  . 

the  degree  in  which  the  rays  of  light  are  refracted,  when  they 
pafs  out  of  air  into  glafs  ;  and  Kepler,  who  was  fo  happy  in  in- 
veftigating  the  progrefs  of  the  rays  of  light  through  thofe  inijrq- 
ments,  laboured  as  much,  but  not  with  equal  fuccefs,  in  the  in- 
vefiigation  of  the  law  of  refraction.  The  neareft  the  truth  that 
he  was  able  to  come,  was  his  obferving,  that  when  the  incident 

*  jf 

ray  does  not  make  an  angle  of  more  than  thirty  degrees  with  t^e 

-  Jt. 

perpendicular,  the  refradted  ray  proceeds  in  an  angle  that  is  about 

i  ‘  _  C* . 

two  thirds  of  it.  And  as  the  objedt  glafies  of  telefcopes  have 
feldom  more  than  20  degrees  from  the  center  to  the  extremity,  he 

•  ,  ,  ‘.J 

thought  that  the  truth  of  his  obfervation  might  be  depended  upon. 
Indeed,  it  does  not  appear  that  he  was  milled  by  it.  * 


Montucla,  Vol.  2.  p.  175. 
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This  attentive  philofopher  obferved,  that,  when  light  pafles 
out  of  a  denfer  medium  into  a  rarer,  the  greater  is  the  angle  of 
incidence,  the  farther  doth  the  refracted  ray  recede  from  the  per¬ 
pendicular  ;  till,  at  length,  it  is  parallel  to  the  refracting  furface. 
In  glafs,  he  obferves,  that  this  angle  is  42  degrees  and  fome 
minutes  ;  and  if  the  inclination  be  made  any  greater,  the  light 
will  not  be  refracted  at  all,  but  will  be  wholly  reflected  back  in¬ 
to  the  glafs,  with  an  angle  equal  to  that  of  incidence ;  in  the 
fame  manner  as  when  the  reflexion  is  made  from  the  furface  of 
any  denfer  medium  into  a  rarer.  * 

It  was  in  the  time  of  Kepler,  i.  e.  about  1600,  that  the  fub- 
ject  of  the  refraction  of  the  atmofphere  was  revived  and  culti¬ 
vated  by  Bernard  Walther,  Mceftlin,  and  others  5  but  chiefly  by 
Tycho  Brahe,  who,  perceiving  the  importance  of  it  to  the  per¬ 
fection  of  aftrononiy,  could  not  reft  till,  after  incredible  dili¬ 
gence,  in  contriving  inftruments,  and  obferving  with  them,  Jie 
had  fettled  the  quantity  of  thefe  refractions,  at  certain  altitudes, 
to  a  tolerable  degree  of  exactnefs.  He  thought  that  the  light  of 
the  fun  is  not  fenfibly  refracted  at  43  degrees  of  altitude,  that  of 
the  moon  at  45,  and  that  of  the  fixed  ftars  at  20.  He  fuppofed 
all  the  refractions  to  be  lefs  than  they  really  are,  except  the  ho¬ 
rizontal,  which  he  made  too  great  $  for  he  allows  for  it  34'  in 
cafe  of  the  fun,  33’  the  moon,  and  30’  the  fixed  ftars  ;  whereas 
De  la  Hire  and  Caflini  make  it  to  be  32'  for  all  the  heavenly  bo¬ 
dies.  -f*  M.  Caflini  was  the  firft  who  difcovered  that  the  re¬ 
fraction  of  the  atmofphere  extends  as  far  as  the  zenith,  as  may 
be  feen  in  the  aftronomical  tables  of  M.  De  la  Hire,  in  which 
the  refraction  correfponding  to  89  degrees  is  one  fecond ;  and 

*  Montuda,  Vol.  2.  p.  1 76.  f  Diderot’s  Encyclopedic  under  the  article  Refra&ion. 
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now  aftronomers  have  tables  of  refraction  calculated  for  every 
degree  of  altitude.  * 

Neither  T.  Brahe,  nor  any  of  his  cotemporaries,  had  a  juft 
idea  where,  or  in  what  manner  the  rays  of  light  are  refraCted  ; 
not  even  Kepler  himfelf,  who  wrote  fo  much  upon  this  fubjeCt. 
T.  Brahe  fuppofed,  with  Alhazen  and  Vitellio,  that  the  caufe 
of  refraCtion  was  a  difference  between  the  air  and  the  ether  be¬ 
yond  it,  as  well  as  the  denfe  vapours  near  the  furface  of  the  earth; 
which  Rothman,  mathematician  to  the  Landgrave  of  Heffe,  with 
whom  he  had  many  difputes,  would  not  admit  of,  afferting  that 
there  is  no  difference  between  the  air  and  ether,  and  that  there 
is  no  refraction  except  near  the  horizon.  The  corrtroverfy  be¬ 
tween  thefe  philofophers  on  this  fubjeCt  is  very  long,  much  be¬ 
ing  written  on  both  ftdes,  but  it  is  not  worth  entering  into  at  this 
day.  Kepler,  in  the  conclufion  of  his  account  of  it,  blames 
both  the  difputants  for  not  proceeding  upon  the  true  meafures  of 
refractions,  by  which,  he  fays,  it  would  have  appeared,  that  the 
medium  in  which  the  light  of  the  heavenly  bodies  is  refraCted  is 
nothing  that  vaniihes  gradually  into  ether,  extending  as  far  as  the 
moon,  which  Tycho  fuppofed,  but  is  the  very  air  in  which  we 
breathe,  having  its  upper  furface  as  vifible  to  an  eye  placed  above 
it  as  the  furface  of  air  and  water,  -f*  He,  therefore,  fuppofed 
that  the  whole  refraction  was  made  at  once,  at  the  top  of  the  at- 
mofphere  ;  which  he  imagined  to  be  uniformly  denfe,  and  he 
determines  its  altitude,  from  the  obferved  quantity  of  refraCtion, 
to  be  but  little  more  than  that  of  the  higheft  mountains.  But 
the  true  conftitution  of  the  denfity  of  the  atmofphere,  deduced 

*  Saverien’s  Dictionary,  Vol.  2.  p.  372,  f  Paralipomena,  p.  168. 
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afterwards  from  the  Torricellian  experiment,  afforded  a  j  idler 
idea  of  thefe  refractions.  * 

It  is  probable  that  Kepler  thought  that  the  atmofphere  was  of 
an  invariable  height,  as  well  as  of  an  uniform  denfity ;  for  Gil¬ 
bert  fays  that  one  Bruce,  whom  he  calls  a  learned  man,  obferv- 
ed  that  the  height  of  the  denfe  atmofphere  is  variable,  and  that 
the  length  of  the  twilight  varies  with  it.  -f*  But  though  Kepler 
was  miflaken  with  refpeCt  to  the  uniform  denfity  of  the  atmof¬ 
phere,  and  therefore  cenfures  T.  Brahe  unjuflly  on  that  account, 
he  juflly  blames  Rothman  for  afferting,  in  the  courfe  of  this 
controverfy,  that  light,  falling  obliquely  on  a  denfer  medium, 
may  fuffer  no  refraCtion,  and  that  refractions  are  made  at  the  bot¬ 
tom  of  a  medium,  and  not  at  the  furface.  § 

Kepler  was  of  opinion  that  the  ruddy  appearance  of  the  moon 
in  eclipfes  is  occafioned  by  the  light  of  the  fun  refraCted  by  the  at¬ 
mofphere  of  the  earth,  being  thereby  bent  out  of  its  courfe,  fo 
as  to  fall  upon  the  moon  within  the  fhadow  of  the  earth.  Where¬ 
as,  before  his  time,  it  had  generally  been  thought,  that  this  red 
appearance  was  owing  to  the  proper  light  of  the  moon  herfeif ; 
which  being  faint,  could  only  become  confpicuous  when  the 
light  of  the  fun  was  withdrawn.  This  opinion,  however,  is 
mentioned  and  combated  by  Plutarch.  J  Kepler  even  points 
out  a  method  of  meafuring  the  quantity  of  the  refraCtion  of  light 
in  the  atmofphere  of  the  earth  by  the  appearance  of  the  moon 
in  eclipfes,  fuppofing  that  only  one  part  of  the  fhadow  of  the 
earth  will  be  illuminated  by  that  refraCted  light. 


*  Smith’s  Opticks.  Remarks,  p.  59.  f  Phyfiologia,  p.  212.  §  Paralipomena,  p.  79. 
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The  improvements  in  the  dodlrine  of  vifion,  and  other  branches 
of  optical  fcience,  which  were  begun  by  Maurolycus,  and  B* 
Porta,  were  carrie  I  much  farther  by  Kepler.  His  was  the  dif- 
covery  of  the  images  of  external  objects  upon  the  retina,  formed 
by  the  foci  of  the  pencils  of  rays  coming  from  every  point  of 
them.  The  inverlion  of  thefe  images  he  alfo  obferved,  and  he 
clearly  explained  every  thing  relating  to  diftindt  and  indiftindt 
vifion,  and  fhewed  in  what  manner  imperfedt  vifion  is  corredted 
by  convex  and  concave  glades.  Thefe  particulars  we  find  in  his 
'AJlronomia  Pars  optica ;  and  as,  upon  the  whole,  it  is  probable 
that  Kepler  did  not  borrow  any  thing  from  Maurolycus,  I  fhall* 
in  this  place,  give  a  more  particular  illuftration  of  the  method  of 
remedying  the  defedts  of  vifion  by  lenfes  of  different  forms,  bor¬ 
rowing  my  figures  from  Dr.  Smith.  Let  fig.  29,  reprefent  an  eye, 
the  cornea  of  which  is  too  flat,  as  is  commonly  the  cafe  with  old 
perfons;  the  effedt  of  whichis,  that  the  rays  which  enter  the  pupil 
do  not  converge  fall  enough,  but  tend  to  fome  point  beyond  the 
retina,  as  q.  If  a  convex  lens  be  interpofed,  as  in  fig.  30,  it  makes 
the  rays  converge  fafter,  fo  as  to  come  to  a  focus  upon  the  retina. 

On  the  other  hand,  if  the  cornea  of  the  eye  be  too  protuberant, 
as  in  fig.  31,  by  which  means  the  rays  come  to  a  focus  before 
they  reach  the  retina,  as  at  q  (in  which  cafe  we  fay  that  a  per- 
fon  is  port  -fight  ed)  the  interpofition  of  a  concave  lens  between 
the  eye  and  the  objedt,  as  in  fig.  32,  will  make  the  rays  diverge 
more  at  their  entrance  into  the  eye,  which  will  throw  the  focus 
farther  within  it,  fo  as  to  fall  upon  the  retina. 

The  redtification  of  inverted  images  upon  the  retina,  Kepler 
fays,  is  the  bufinefs  of  the  mind,  which,  when  it  perceives  an 


*  Montucla,  Vol.  1.  p.  159. 
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impreffion  on  the  lower  part  of  the  retina,  confiders  it  as  made 
by  rays  proceeding  from  the  higher  parts  of  objects  tracing  the 
rays  back  to  the  pupil,  where  they  crofs  one  another.  But  this 
hypothefis  will  hardly  be  deemed  fatisfadtory.  It  feems  fuffici- 
ent  to  fay,  that  upper  and  lower  are  only  relative  terms  ;  and  that, 
as  all  objects  are  painted  upon  the  retina  in  a  fimilar  manner  (all 
the  upper  parts  in  one  direction,  and  all  the  lower  parts  in  ano¬ 
ther)  it  is  by  cuftom  only,  founded  on  experience,  and  the  affo- 
ciation  of  ideas,  that  we  learn  to  diftinguiff  them  one  from  a- 
nother ;  fo  as  to  diredt  our  eyes,  or  point  our  hands  upwards  or 
downwards j  as  we  have  occafion.  If  this  be  the  true  folution, 
it  will  follow,  that  if  the  images  of  objedts  had  always  been 
painted  in  a  different  manner,  that  is  eredt,  as  the  objedts  them- 
felvesare,  we  ffould  have  adted  juft  as  we  do  now,  without  be¬ 
ing  fenfible  of  the  difference,  a  different  affociation  of  ideas  on¬ 
ly  having  taken  place.  In  what  manner  the  mind  perceives  the 
images  upon  the  retina,  Kepler  does  not  pretend  to  know,  and 
he  blames  Vitellio  very  much  for  attempting  prematurely  to  de¬ 
termine  a  queftion  of  this  nature,  and  which,  indeed,  he  fays, 
does  not  belong  to  op  ticks,  -f* 

In  order  to  account  for  our  being  able  to  fee  objedts  diftindtly 
at  different  diftances,  which  fuppofes  a  power  of  making  rays  of 
different  degrees  of  divergency  to  meet  in  the  fame  place,  Kepler 
imagined  that  the  contraction  of  the  Proceffus  Ciliares  draws  the 
iides  of  the  eye  towards  the  cryftalline ;  by  which  means  the  eye 
is  lengthened,  and  the  retina  puffed  to  a  greater  diffance  from 
the  pupil,  when  we  are  viewing  objedts  very  near  to  us.  But 
though  it  was  in  vain,  as  we  ffall  find,  that  M.  De  la 

*  Smith’s  Cpticks.  .  Remarks,  p.  4.  f  Paralipomena,  p.  168. 
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Hire,  in  oppofition  to  this  hypothecs  of  Kepler,  endeavoured  to 
prove,  that  there  is  no  alteration  in  the  form  of  the  eye,  in  con¬ 
fequence  of  any  attempt  to  view  objects  at  different  diftances* 
it  will  appear  that  this  philofopherwas  miftaken  in  his  hypothe¬ 
cs  concerning  the  contraction  of  this  ligament,  fince  it  can  only 
alter  the  pofxtion  of  the  cryflalline  within  the  eye.  Kepler  con¬ 
fined  the  judgment  of  diftances  by  a  fingle  eye,  to  thofe  which 
bear  a  lenfible  proportion  to  the  breadth  of  the  pupil.  * 

T.  Brahe,  who  was  always  intent  upon  agronomical  obferva- 
tions,  firft  obferved  an  apparent  diminution  of  the  diameter  of 
the  moon  in  folar  eclipfes,  and  imagined  the  caufe  of  it  to  be  a 
real  diminution  of  the  difk,  by  the  force  of  the  fun’s  rays  ;  •f* 
but  Kepler  fays,  that  the  difk  of  the  moon  doth  not  appear  lefs, 
in  confequence  of  being  unenlightened,  but  rather  that  it  appears 
at  other  times  larger  than  it  really  is,  in  confequence  of  its  being  en¬ 
lightened.  For  pencils  of  rays  from  fuch  diflant  objects,  generally 
come  to  their  foci,  before  they  reach  the  retina,  and  confequently 
diverge,  and  fpread  when  they  reach  it  j  fo  that  the  image  of  the  whole 
obje£t  confifling  not  of  a  number  of  well  defined  points,  but  of 
fmall  circular  fpaces,  will  be  larger  than  it  ought  to  be.  For 
this  reafon,  he  fays,  different  perfons  may  imagine  the  difk  to 
be  of  different  magnitudes,  according  to  the  different  goodnefs 
of  their  eyes ;  and  he  obferves  that,  of  twenty  two  obfervations 
that  were  made  of  the  moon,  in  February  1591,  it  twice  appear¬ 
ed  to  be  31'  in  diameter,  fix  times  it  was  32',  feven  times  33',  fix 
times.  34',  and  once  36'.  §  On  the  fame  account,  Kepler  fays, 
that  thofe  who  fee  remote  objects  very  indiftin&ly,  inflead  of  one 
phafe  of  the  moon,  will  fee  a  feries  of  ten  phafes,  difpofed  in  the 

*  Robins’s  Trads,  Vol.  2.  p.  277.  f  Paralipomena,  p,  284.  §  ft.  p.  218. 
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form  of  a  creft.  The  fame  perforis,  he  fays,  cannot  diftinguifh 
their  friends  fo  well,  at  a  little  diftance  from  them,  when  they 
have  white  neckcloths  on,  as  when  they  are  without  them.* 
This  philofopher  did  not  confider,  that,  for  the  fame  reafon  that 
the  moon,  when  it  is  enlightened,  appears  larger  than  it  is,  that 
part  of  the  fun  which  is  feen  next  to  the  body  of  the  moon,  in 
folar  eclipfes,  muft  appear  larger,  likewife,  and  confequently  en¬ 
croach  upon  the  image  of  the  moon,  which  is  then  quite  dark. 
This  we  fhall  find  fully  explained  in  the  laft  period  of  my  hiftory 
by  Dr.  Jurin. 

Reinhold  Maeftlin,  and  Gemma,  the  cotemporaries  of  Kepler 
and  T.  Brahe,  taught  the  method  of  obferving  eclipfes  by  their 
images  call:  upon  a  white  paper  in  a  darkened  room.'f* 

It  was  Kepler  who  firft  difcovered  the  true  reafon  of  the  ap¬ 
parent  places  of  objects  feen  by  reflecting  mirrors,  as  it  depends- 
upon  the  angle  which  the  rays  of  light,  iffuing  from  the  extreme 
part  of  an  objedt,  make  with  one  another  after  fuch  reflexions. 
In  plane  mirrors  thefe  rays  are  reflected  with  the  fame  degree  of 
inclination  to  one  another  that  they  had  before  their  incidence 
but  he  fhews  that  this  inclination  is  changed  in  convex  and  con¬ 
cave  mirrors,  as  has  been  particularly  explained,  p,  12.  §  Kep¬ 
ler  alfo  demonftrated  the  impoflibility  of  burning  by  means  of 
mirrors  or  lenfes  at  any  great  diftance,  for  which  I  have  before 
referred  to  Dechales.  || 

The  fame  age  that  produced  Kepler  was  ftill  more  diftinguifh-. 
ed  by  Galileo,  who  threw  new  light  upon  almoft  every  fubjedt  of 
philofophical  inquiry.  What  he  did  in  the  bufinefs  of  telefcopes 

*  Paralipomena,  p.  218.'  f  lb.  p/39.  §  Ibid  p.  59.  f|  Borellus 
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has  been  already  related  and  indeed  it  is  not  for  much  more 
than  this,  that  the  fcience  of  opticks  is  indebted  to  him.  It 
mull  not,  however,  be  forgotten,  that  he  firll  conceived  the 
thought  of  meafuring  the  velocity  of  light,  and  he  gives  a  par¬ 
ticular  defcription  of  his  contrivance  for  this  purpofe,  in  his  trea- 
tife  on  mechanics,  p.  39.  He  had  two  men  with  lights,  one 
of  whom  was  to  obferve  when  the  other  uncovered  his  light,  and 
to  exhibit  his  own  the  moment  that  he  perceived  it.  In  this 
method  the  progrefs  of  found  might  be  meafured,  and  it  was 
not  at  that  time  fufpe&ed  that  there  was  fo  great  a  difproportion 
between  their  velocities.  In  the  preceding  period  of  this  hiftory 
we  have  feen  that  Lord  Bacon  feems  to  have  taken  it  for  granted, 
that  the  progrefs  of  light  is  liable  to  be  obllruCted  by  winds, 
though  not  fo  much  as  found  is.  Galileo  began,  as  he  informs  us, 
with  exercifing  two  afiillants  very  near  to  one  another,  that  they 
might  learn  their  maneuvres  to  perfection,  expoling  or  covering 
their  lights  at  the  precife  moment  required.  At  that  time  he  had 
tried  the  experiment  at  the  dillance  of  no  more  than  one  mile  ; 
but  he  propofed  to  try  it  at  the  dillance  of  feveral  miles,  by  means 
of  telelcopes  in  the  dark.  But  we  do  not  find  that  he  ever  pro- 
lecuted  his  enquiry,  and  though  it  was  taken  up  by  the  mem¬ 
bers  of  the  academy  del  Cimento,  it  was  carried  very  little  far¬ 
ther  by  them.  ,t> 

The  meafuring  of  the  velocity  of  light  was  certainly  a  noble 
problem  ;  but  no  menfuration  upon  the  furface  of  the  earth,  was 
adequate  to  the  folution  of  it;  and  at  that  time  they  had  no  idea 
of  meafuring  the  time  of  its  palfage  from  one  planet  to  another, 
which  happy  method  was  firll  applied  by  Monf.  Roemer,  as  we 
lhall  fee  hereafter.  In  the  meantime  itisamufingto  confider  the 

\  *  *  '  *  *  .  ij  ;  /  '  <  .  vl  .. 
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IT  was  in  the  16  th  century  that  PerfpeBive ,  a  new  branch  of 
opticks,  was  revived,  or  rather  re-invented.  This,  is  more 
a  bufinefs  of  geometry  than  opticks,  and  is,  indeed,  more  of  an 
art  than  a  fcience  ;  but  fince  it  is  derived  from  optical  principles, 
and  as  the  ufe  of  it  is  to  give  pleafure  to  the  eye,  by  a  juft  re¬ 
prefen  tation  of  natural  objects,  I  ftiould  do  wrong  not  to  give  a 
fhort  account  of  its  rife  and  progrefs. 

The  art  of  Perfpedtive  owes  its  birth  to  painting,  and  parti¬ 
cularly  to  that  branch  of  it  which  was  employed  in  the  decora¬ 
tions  of  the  theatre,  where  landfcapes  were  principally  intro¬ 
duced,  and  which  would  have  looked  unnatural  and  horrid,  if 
the  fize  of  the  objedts  had  not  been  pretty  nearly  proportioned 
to  their  diftance  from  the  eye.  We  learn  from  Vitruvius,  that 
Agatharchus,  inftrudted  by  iEfchylus,  was  the  firft  who  wrote 
upon  this  fubjedt ;  and  that  afterwards  the  principles  of  this  art 
were  more  diftindtly  taught  by  Democritus  and  Anaxagoras,  the 
difciples  of  Agatharchus.  Of  the  theory  of  this  art,  as  defcrib- 
ed  by  them,  we  know  nothing  ;  fince  none  of  their  writings 
have  efcaped  the  general  wreck  that  was  made  of  antient  litera¬ 
ture  in  the  dark  ages  of  Europe.  However  the  revival  of  paint¬ 
ing  in  Italy  was  accompanied  with  a  revival  of  this  art. 

The  firft  perfon  who  attempted  to  lay  down  the  rules  of  Per- 
fpedtive  was  Pietro  del  Borgo,  an  Italian,  He  fuppofed  objedts 
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to  be  placed  beyond  a  tranfparent  tablet,  and  endeavoured  to 
trace  the  images,  which  rays  of  light,  emitted  from  them,  would 
make  upon  it.  But  we  do  not  know  what  fuccefs  he  had  in  this 
attempt,  becaufe  the  book,  which  he  wrote  upon  this  fubjedt, 
is  not  now  extant.  It  is,  however,  very  much  commended  by 
the  famous  Egnazio  Dante ;  and,  upon  the  principles  of  Borgo, 
Albert  Durer  conftrudted  a  machine,  by  which  he  could  trace 
the  perfpedtive  appearance  of  obje<fts. 

Balthazar  Peruffi  ftudied  the  writings  of  Borgo,  and  endea¬ 
voured  to  make  them  more  intelligible.  To  him  we  owe  the 
difcovery  of  points  of  di/lance,  to  which  all  lines  that  make  an 
angle  of  45  degrees  with  the  ground  line  are  drawn.  A  lit¬ 
tle  time  after,  Guido  Ulbaldi,  another  Italian,  found  that  all  the 
lines  that  are  parallel  to  one  another,  if  they  be  inclined  to  the 
ground  line,  converge  to  fome  point  in  the  horizontal  line  $  and 
that,  through  this  point,  alfo,  a  line  drawn  from  the  eye,  pa¬ 
rallel  to  them,  will  pafs.  Thefe  principles  put  together  enabled 
him  to  make  out  a  pretty  compleat  theory  of  perfpedtive.^ 

Great  improvements  were  made  in  the  rules  of  perfpe&ive  by 
fubfequent  geometricians,  particularly  by  profeffor  Gravefende, 
and  ftill  more  by  Dr.  Brook  Taylor,  whofe  principles  are, 
in  a  great  meafure,  new,  and  far  more  general  than  thofe  of  any 
perfon  before  him. 

To  the  opticians  of  this  age  we  are  indebted  for  feveral  in¬ 
genious  devices  to  apply  the  knowledge  they  had  of  opticks,  and 
particularly  of  this  branch  of  it,  perfpe&ive,  to  the  purpofes  of 
amufement.  And  though  I  profefs  only  to  relate  difcoveries 
concerning  the  nature  of  light,  and  the  folution  of  the  principal 
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phenomena  of  natures  by  means  of  them  ;  the  moft  rigid  phi-  - 
lofopher,  would  not  excufe  me,  if  I  did  not  take  fome  ilight  no¬ 
tice  of  the  reformation  of  diftorted  images  by  convex,  and  other 
fpeculums.  By  this  means  pictures  that  are  fo  mifhapen,  as  to 
exhibit  no  regular  appearance  of  any  thing  to  the  naked  eye, 
fhall,  when  .viewed  by  reflexion,  prefent  a  regular  and  beautiful 
image.  The  inventor  of  this  ingenious  devife,  is  not  known. 
Simon  Stevinus,  who  was  the  firft  that  wrote  upon  it,  does  not 
inform  us  from  whom  he  learned  it.  The  principles  of  it  are 
laid  down  byS.  Vauzelard  inhis  Perfpedtive  Coniqueet  Cylindrique ,* 
and  Gafpar  Schott  profefles  to  copy  Marius  Bettinus  in  his  de- 
fcription  of  this  piece  of  artificial  magick. 

It  will  be  fufficient  for  my  purpofe  to  copy  one  of  the  fimpleft 
figures  of  this  writer,  as,  by  this  means,  the  myftery  of  this  art 
will  be  fufficiently  unfolded.  Upon  the  cylinder  of  paper,  or 
pafteboard,  ABCD  fig.  33,  draw  whatever  is  intended  to  be  ex¬ 
hibited,  as  the  letters  IHS.  Then,  with  a  needle,  make  per¬ 
forations  along  the  whole  out  line  $  and,  placing  a  candle,  G, 
behind  this  cylinder,  mark  upon  the  ground  plane  the  fhadow 
of  them,  which  will  be  diftorted  more  or  lefs,  according  to  thepo- 
fition  of  the  candle,  or  the  plane,  &c.  This  being  done,  let 
the  picture  be  an  exa<ft  copy  of  this  diftorted  image,  let  a  me- 
tallick  fpeculum  be  fubftituted  in  the  place  of  the  cylinder,  and 
let  the  eye  of  the  fpedtator  have  the  fame  pofition  before  the  cy¬ 
linder,  that  the  candle  had  behind  it.  Then  looking  upon  the. 
fpeculum,  he  will  fee  the  diftorted  image  reftored  to  its  proper 
ihape.  The  reformation  of  the  image,  he  fays,  will  not  eafily 

*  Saverien’s  Hiftoire,  p.  256.  Montucla,  Vol.  1.  p.  627. 
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be  made  exadt,  in  this  method,  but  it  will  be  fufficiently  fo  to 
anfwer  the  purpofe.* 

Other  methods,  more  exadt  and  geometrical  than  this,  were 
found  out  afterwards  ;  fo  that  thefe  pictures  could  be  drawn  by- 
certain  rules,  without  the  ufe  of  a  candle.  Schott  quotes  one 
of  thefe  methods  from  Bettinus,  another  from  Herigonius,  and 
another  from  Kircher,  which  may  be  feen  in  his  Magia,  Vol.  r. 
p.  162,  &c.  He  alfo  gives  an  account  of  the  methods  of  re¬ 
forming  pidtures  by  fpeculums  of  conical,  and  other  figures.' 

Inftead  of  copying  any  of  thefe  methods  from  Schott  or  Bet- 
tinus,  I  fhall  prefent  my  reader  with  that  which  Dr.  Smith  hath 
given  us  in  his  Opticks,  Vol.  1,  p.  250,  as,  no  doubt,  the  belt, 
and  from  which  any  perfon  may  eafily  make  a  drawing  of  this 
kind.  The  fame  defcription  anfwers  to  two  mirrors,  one  of 
which,  fig.  34,  is  convex,  and  the  other,  fig.  35,  is  concave. 

In  order  to  paint  upon  a  plane  a  deformed  copy  ABCDEKIHG 
F  of  an  original  pidture,  which  fhall  appear  regular,  when  feen 
from  a  given  point  O,  elevated  above  the  plane,  by  rays  refledted 
from  a  polifhed  cylinder,  placed  upon  the  circle,  l  np,  equal  to 
its  given  bafe  ;  from  the  point  R,  which  mull:  be  fuppofed  to 
lie  perpendicularly  under  O,  the  place  of  the  eye,  draw  two 
lines  R  a,  R  e  ;  which  fhall  either  touch  the  bafe  of  the  cylin¬ 
der,  or  elfe  cut  off  two  finall  equal  fegments  from  the  fides  of  it, 
according  as  the  copy  is  intended  to  be  more  or  lefs  deformed. 
Then  taking  the  eye,  raifed  above  R,  to  the  given  height  RO, 
fomewhat  greater  than  that  of  the  cylinder,  for  a  luminous  point, 
defcribe  the  fliadow  ae  kf  (of  a  fquare  aex  z,  fig.  36,  or  pa- 
/  •  ’  ^  ••  * 

*  Schott’s  Magia,  Vol,  1.  p.  160, 
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rallelogram  flanding  upright  upon  its  bafe  a  e ,  and  containing  the 
picture  required)  any  where  behind  the  arch  Inp.  Let  the 
lines  drawn  from  R  to  the  extremities  and  divifions  of  the  bafe 
a ,  b,  c,  d,  e ,  cut  the  remoteft  part  of  the  fhadow  in  the  points 
fy  gy  h,  i,  k ,  and  the  arch  of  the  bafe  in  /,  m,  n,  o,p  ;  from  which 
points  draw  the  lines  /AF,  m  BG,  n  GH,  o  DI,  p  EK,  as  if 
they  were  rays  of  light  that  came  from  a  focus  R,  and  were  re¬ 
flected  from  the  bafe  /  np  fo  that  each  couple,  as  /A,  /R,  pro¬ 
duced,  may  cut  off  equal  fegments  from  the  circle.  Laftly, 
transfer  the  lines  l  a f  m  b  g,  &c.  and  all  their  parts,  in  the  fame 
order,  upon  the  refpeCtive  lines  /AF,  m  BG,  &c.  and  having 
drawn  regular  curves,  by  eftimation,  through  the  points  A,B,C, 
D,E,  through  F,G,H,I,K,  and  through  every  intermediate 
prder  of  points ;  the  figure  ACEKHF,  fo  divided,  will  be  the 
deformed  copy  of  the  fquare,  drawn  and  divided  upon  the  origi¬ 
nal  picture,  and  will  appear  fimilar  to  it,  when  feen  in  the  po- 
lifhed  cylinder,  placed  upon  the  bafe  Inp ,  by  the  eyeinits  given 

place  O.  ,  svodi;  b  uevoI')  ,0  Jnioq  navies  &  mo  it 

The  practical  methods  of  drawing  thefe  images  feem  to  have 

been  carried  to  the  greateft  perfection  by  J.  Leopold,  who,  in 
the  ACta  Lipfienfia,  for  the  year  1712,  has  deferibed  two  ma¬ 
chines,  one  for  the  images  to  be  viewed  with  a  cylindrical, 
and  the  other  with  a  conical  mirror.  The  perfon  pofTeffed  of 
this  inftrument  has  nothing  to  do  but  to  take  any  print  he  pleafes, 
and  while  he  goes  over  the  out  lines  of  it  with  one  pen,  another 
traces  the  an amorphofis.  ,  ;  .  .  .  »  ■  -  , 

In  the  fame  age,  alfo,  people  of  ingenuity,  wealth,  and  lei- 

•  *.  J  • 

fure,  cut  groves  of  trees,  fo  as  to  reprefent  the  appearance  of 
men,  horfes,  and  other  objeCts  from  fome  one  point  of  view, 
<.  -  which 
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which  were  not  at  all  difcernible  in  any  other.  This  might  ea- 
fily  be  effected  by  one  perfon  placing  himfelf  in  any  particular 
fituation,  and  giving  directions  to  other  perfons  what  trees  to  lop, 
and  in  what  manner.  In  the  fame  method  they  contrived  that 
buildings,  of  circular  and  other  forms,  and  alfo  whole  groupes 
of  buildings,  confining  of  walls  at  different  diftances,  and  with 
different  pofitions  to  one  another,  fliould  be  painted  fo  as  to  ex¬ 
hibit  the  exaCt  reprefen tation  of  particular  obje<fts,  which  could 
only  be  perceived  in  one  fituation.  Bettinus  has  illuflrated  this 
method  by  drawings  in  his  Apiaria . 
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The  discoveries  of  DESCARTES  AND  HIS  CO¬ 
TEMPORARIES. 


TH  E  name  of  DESCARTES  was  the  firft  which  fuc- 
ceeded  that  of  Ariftotle,  as  an  authority  in  the  fchools  of 
philofophy.  For  though  many  perfons  fince  the  revival  of  litera¬ 
ture  had  begun  to  think  for  themfelves,  and  did  not  chufe  to  ac- 
quiefce  in  the  ipfe  dixit  of  the  Stagirite  ;  as  Telefius  in  Italy,  Lord 
Bacon  in  England,  and  others  in  different  places,  no  perfon  had 
been  fo  fortunate  as  to  have  acquired  a  degree  of  reputation,  fuf- 
ficient  to  have  his  name  fet  up  in  oppofition  to  him.  Indeed 
nothing  but  fome  new  and  general  fyftem  of  philofophy  could 
have  anfwered  the  purpofe.  But  the  Cartefian  hypothecs,  after 
fome  oppofition  (which  every  thing  that  is  new  is  fure  to  meet 
with)  became  almoft  as  popular  as  the  Ariftotelian  had  been  ;  fo 
that  there  was  danger,  left  the  world,  inftead  of  being  emanci¬ 
pated  from  fervitude,  fhould  only  have  changed  one  mafter  for 
another. 

In  fadt,  however,  Defcartes  was  more  indebted  for  the  repu¬ 
tation  hefo  long  enjoyed  to  the  fertility  and  boldnefs  of  his  ima¬ 
gination,  which  led  him  into  many  miftakes,  than  to  the  accu¬ 
racy  of  his  judgment,  and  the  real  difcoveries  that  he  made.  In 
no  branch  of  philofophy  do  we  owe  more  to  him  than  in  opticks > 
and  yet  his  vortices  did  infinitely  more  towards  eftablifhin^  him 
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in  the  rank  which  he  fo  long  held  in  the  philofophical  world. 
The  Cartefian  hypothefis  was  not  effectually  fupplanted  but  by 
the  Newtonian,  which  bids  fair  to  ftand  as  long  as  that  fyftem, 
the  great  laws  of  which  it  fo  fatisfaCtory  unfolds. 

Though  Defcartes  is  truly  great  in  the  fcience  of  opticks,  he 
does  not  ftand  fingle  in  this  period.  Befides  SNELLIUS,  who 
led  the  way  to  the  difcovery  of  the  great  law  of  refraCtion,  which 
particularly  diftinguifhes  this  period  of  my  hiftory,  he  had  o- 
ther  illuftrious  cotemporaries  ;  particularly  the  famous  SCHEI- 
NER,  a  Jefuit,  and  confeffor  to  the  Arch  duke  of  Auflria,  who 
died  in  the  fame  year  with  Defcartes,  but  was  an  older  man  than 
he.  He  it  was,  as  we  have  feen,  who  carried  into  execution  the 
fchemes  of  Kepler,  for  conftruCting  telefcopes  upon  plans  different 
from  that  of  the  original  one,  or  Galilean  ;  and  who  has,  per¬ 
haps,  equal  merit  with  Galileo  himfelf,  with  refpeCt  to  the  dif¬ 
covery  of  the  fpots  of  the  fun.  The  whole  of  his  treatife  inti  tied 
Oculus ,  is  exceedingly  valuable,  and  abounds  with  ingenious  and 
important  illuft rations  of  the  nature  of  vifion. 

Cotemporary  with  Defcartes  was  the  great  GASSENDI,  who 
was  alfo  his  rival  as  a  philofophical  authority ;  and  though  his  re¬ 
putation  gave  way  to  that  of  his  antagonift,  there  were  many 
perfons  in  thofe  days  who  were  called  Gajfendians,  in  oppofition 
to  the  Cartefians.  Gaffendi  wrote  pretty  largely  on  the  fubjeCt 
of  light,  and  the  natural  phenomena  which  depend  upon  it ;  but 
he  adhered  clofely  to  the  fyftem  of  Epicurus,  in  oppofition  to 
that  of  Ariftotle,  maintaining  the  materiality  of  light,  and  af- 
ferting  that  bodies  are  vifible  by  means  of  particles  continually 
detaching  themfelves  from  their  furfaces.  His  arguments  in 
fupport  of  this  ftrange  hypothefis,  and  his  anfwers  to  the  objec- 

V  i  '  \  *  RIM 

tions 


Sec.  V. 


OF  DESCARTES. 


99 


tions  that  were  made  to  it  are  very  copious,  and  difcover  great 
acutenefs  but  it  will  hardly  -  be  expected  that  I  fhould  give 
them  a  place  in  this  hiflory.  This  philofopher  made  no  experi¬ 
ments  that  produced  any  difcovery  in  opticks,  and,  upon  the 
whole,  though  he  was  a  great  man,  he  cannot  be  allowed  to 
have  much  merit  with  refpeCt  to  the  fubjeCt  of  this  part  of 
my  work.  In  fa£t,  he  is  to  be  ranked  jather  among  the  fchool- 
men  than  philofophers. 

In  oppofition  to  the  philofophical  fyftems  both  of  Defcartes 
and  Epicurus,  revived  by  Gaflendi,  the  old  Ariftotelian  doCtrine 
of  light  did  not  want  a  defender  in  DU  HAMEL,  who  was 
chofen  the  firft  fecretary  to  the  royal  academy  of  fciences  at 
Paris.  This  writer,  in  his  AJlronomia  Phyfica ,  published  in 
1 68 1,  examines  the  opinions  of  Epicurus,  as  defended  by  Gaifen- 
di,  and  alfo  the  Cartefian  hypothecs  ;  and  after  a  laboured  refu¬ 
tation  of  them  both,  pleads  ftrongly  in  favour  of  the  Ariftotelian 
doCtrine,  in  which  light  is  conlidered  as  a  property  of  bodies,  and 
takes  great  pains  to  anfwer  many  objections  that  were  made  to  it. 

Cotemporary,  alfo,  with  Defcartes,  was  AGUILGNIUS,  a  Jefuit 
of  Bruflels,  who  publifhed  a  large  treatife  on  opticks  in  1613. 
This  is  a  very  fyftematical  and  comprehenfive  work,,  efpecially 
with  refpeCt  to  thofe  branches  of  the  fcience  in  which  mathema- 
ticks  are  concerned ;  but  it  does  not  contain  much  that  is  of  a 
philofophical  nature,  and  nothing  that  is  material  of  his  own. 

In  this  enumeration  of  the  heroes  of  this  period,  I  muft  not 
overlook  the  laborious  and  ingenious  ATHANASIUS  KIR- 
CHER,  who  was  one  of  the  greateft  philofophers,  and  abled: 
mathematicians  of  the  time  in  which  he  lived.  He  was  of  a- 
bout  the  fame  age  with  Defcartes,  but  outlived  him  thirty  years. 
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His  large  and  magnificient  work,  inti  tied  Ars  magna  lucis  et  um¬ 
brae,  muft  have  been  confidered  as  a  very  capital  performance, 
at  the  time  in  which  it  was  written  ;  and  though  this  author 
neither  difcovered  any  new  property  of  light,  nor  explained  any 
capital  phenomenon  of  nature  better  than  it  had  been  done  be¬ 
fore,  it  will  be  feen,  in  the  hiftory  of  this  period,  that  the  fci- 
ence  of  opticks  is  under  conliderable  obligations  to  him. 


SECTION  I. 

Observations  and  discoveries  concerning 

REFRACTION. 


TH  E  great  problem  concerning  the  meafuring  of  refrac¬ 
tions  had  been  attempted  both  by  Alhazen  and  Vitellio, 
and  they  made  feveral  experiments  for  this  purpofe ;  but,  as 
muft  be  acknowledged  to  have  been  very  natural,  they  attempted 
to  meafure  the  angle  itfelf,  and  not  the  Jine,  or  fecant  of  it,  and 
therefore  they  failed  in  their  attempts.  Even  Kepler,  who  gave 
a  great  deal  of  attention  to  this  fubjedt,  and  who  wrote  in  a  later 
period,  did  not  think  of  any  other  method  ;  and  notwithfland- 
ing  all  the  pains  that  he,  and  other  philofophers  took,  to  deter¬ 
mine  the  proportion  between  the  angle  of  refradtion  and  that  of 
incidence,  they  came  no  nearer  the  truth  than  to  obferve,  that, 
when  the  angle  of  incidence  makes  an  angle  of  lefs  than  30  de¬ 
grees  with  the  perpendicular,  the  angle  of  refradtion  into  glafs 
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is  about  one  third  of  it.  This  did  not  give  fatisfadion  to  the 
philofophers  of  that  age,  in  which  geometry  was  very  much  cul¬ 
tivated,  and  confequently  exadnefs  attempted  in  every  thing. 
Scheiner  alfo  took  a  great  deal  of  pains  about  the  bufinefs  of  re- 
fradions,  and  accurately  meafured  the  proportion  of  the  angles 
of  refradion  to  thofe  of  incidence,  from  air  into  water  to  every 
degree.  The  refult  of  thefe  obfervations  he  reduced  into  a  table, 
which  may  be  feen  in  Kircher’s  Ars  Magna,  p.  607. 

With  great  care  and  pains  Kircher  drew,  from  adual  experi¬ 
ments,  a  table  of  the  angles  of  refradion,  correfponding  to  any 
given  angle  of  incidence,  even  to  a  minute  of  a  degree,  with 
refped  to  air  and  water ;  and  he  obferved  the  degrees  with  re- 
fped  to  wine,  oil,  and  glafs.  Thefe  inveftigations  mull  have  been 
of  great  ufe,  before  it  was  known  that  the  fines  of  the  angles  of 

t  '  ■'  t  .  '  •  i  •  >  -  /*"• 

incidence  and  refradion  bear  an  invariable  proportion  to  one  ano¬ 
ther  ;  whereby  the  one  being  given,  in  any  cafe,  the  other  may 
be  known.  See  thefe  tables,  and  the  manner  in  which  they  were 
conltruded,  Ars  Magna,  p.  599.  As  this  work  was  published 
not  long  after  the  Dioptrics  of  Defcartes,  there  is  little  doubt 
but  thefe  experiments  of  Kircher  were  made  fome  time  before 
the  difcovery  of  the  law  of  refradion,  but  not  long  enough  to 
have  been  of  any  real  ufe. 

As  it  may  amufe  fome  of  my  readers,  I  {hall  defcribe  the  me¬ 
thod  which  Kercher  ufed  to  meafure  thefe  refradions ;  efpecially 
as  it  was,  probably,  the  fame,  or  nearly  the  fame,  with  that 
which  was  ufed  by  Alhazen,  Vitellio,  Scheiner,  and  other  old 
opticians  for  the  fame  purpofe.  CDE,  fig.  37,  reprefents  a  he- 
mifpherical  glafs  bowl,  to  the  fide  of  which  was  fixed  a  qua¬ 
drant  CO,  exadly  graduated,  and  a  Aide  upon  it,  G  ;  and  from 
the  top  of  the  quadrant  was  let  fall  a  perpendicular  line,  OE, 


move- 


102 


THE  LAW 


Per.  III. 


moveable  on  the  center  B,  fo  that  while  one  end  of  it  juft  touch¬ 
ed  the  fide  of  the  veffel  ED,  which  was  alfo  graduated,  the  o- 
ther  moved  along  the  quadrant.  To  try  the  refractive  power  of 
any  fluid  with  this  inftrument,  he  firft  filled  the  veffel  exaCtly  up 
to  the  center,  B,  then  placing  the  rod  OE  in  any  angle  required, 

arwl  4.  .  .1  3  1  ‘ /V  WA'f  l  1  |  I  J.  T  ’  .  )  '  . 

a  perfon  looking  along  it  obferved  (or  was  aftifted  by  a  fpeCtator 
in  obferving)  both  where  it  actually  touched  the  oppofite  fide  of 
the  veffel,  and  alfo  the  place  where  it  feemed  to  touch  it  by  re¬ 
fraction  ;  or,  without  looking  through  the  fights,  or  making  ufe 
of  the  rod  OE,  they  might  obferve  the  progrefs  of  a  ray  of  the 
fun’s  light,  or  that  of  a  candle,  in  the  fluid,  when  it  was  tranf- 
mitted  through  the  fight  upon  the  quadrant,  and  fell  upon  the 
middle  of  the  veffel  B.* 

Kircher’s  tables  of  refractions  from  air  into  water  and  glafs, 
differ  a  little  from  thofe  of  Vitellio,  which  he  publishes  along 
with  his  own,  that  his  readers  might  compare  them  together, 

At  length  this  capital  difcovery  in  opticks,  viz.  the  true-  law  of 
refraCtion  was  made,  in  part,  by  Willebrod  Snellius,  profeffor  of 
mathematicks  at  Leiden.  This  philofopher  did  not,  indeed,  per¬ 
fectly  underftand  his  own  difcovery,  if  it  may  be  called  his,  and 
he  did  not  live  to  publifh  any  account  of  it  himfelf ;  but  his 
manufcript  papers  were  communicated  to  feveral  perfons  ;  and 
Voflius  informs  us,  that  profeffor  Hortenfius  explained  this  dif¬ 
covery  of  Snellius,  both  publickly  and  privately,  before  it  ap¬ 
peared  in  the  writings  of  Defcartes ;  who  publifhed  it  under  a 
different  form,  without  making  any  acknowledgment  of  his  ob¬ 
ligations  to  Snellius,  whofe  papers,  Huygens  affures  us,  that,  to 
his  knowledge,  Defcartes  had  feen. 

*  Ars  Magna,  p.  608.  f  lb.  p.  609. 
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Snellius  was  led  to  this  difcovery  not  by  any  reafoning  a  priori, 
but  by  experiments.  He  obferved,  that  fuppoflng  GC,  fig.  38, 
to  be  a  ray  of  light  falling  at  C  upon  the  furface  of  a  denfer  me¬ 
dium,  and  AB  to  be  a  perpendicular  at  the  point  of  incidence ; 
if  the  ray,  after  being  refradted,  was  continued  in  CE,  till  it 
was  intercepted  by  a  plane  HD,  parallel  to  AB,  there  was  al¬ 
ways  the  fame  proportion  between  CE,  the  refradted  ray,  and 
CF  the  line  which  it  would  have  defcribed  if  it  had  fuffered  no 
refradtion  ;  and  that  if  another  ray,  gC,  be  refradted  at  the  fame 
place  into  Ce ;  CE  will  be  to  CF,  as  Ce  is  to  Cf ;  that  is,  that 
the  fecants  of  the  complements,  or  co-iecants,  of  the  angles  of 
incidence  and  refradtion  are  always  in  the  fame  ratio.  If  the 
medium  be  air  and  water,  the  ratio  is  4  to  3,  if  air  and  glafs,  it 
is  3  to  2  nearly.  The  miftake  of  Snellius  confifled  in  this,  that 
he  afferted  this  conftant  proportion  not  to  belong  to  the  true 
lengths  of  the  lines  CE  and  CF,  but  to  their  apparent  lengths, 
with  refpedt  to  which,  alfo,  he  was  under  a  miftake.* 

Defcartes  gives  no  account  of  any  experiments  that  he  made, 
in  order  to  difcover  this  law,  but  publifhes  it  as  the  refult  of  his 
inquiries  into  the  nature  of  reflexion  and  refradtion.  The  form 
in  which  he  gives  this  law,  is  different  from  that  of  Snellius, 
and  in  general  more  commodious  ;  but  it  might  eafily  have  been 
deduced  from  it.  According  to  Defcartes,  the  fine  of  the  angle 
of  refradtion  always  bears  the  fame  proportion  to  to  the  fine  of 
the  angle  of  incidence. 

I  fhall  explain  this  difcovery  of  Defcartes  very  nearly  in  his 
own  words,  and  by  the  help  of  his  own  diagrams.  The  propor¬ 
tion  of  the  refradtion  of  the  ray  AB,  fig.  39,  is  to  be  meafured, 

*  Huygens’s  Dioptrics,  p.  2 


% 


104 


THE  LA  W 


Per.  III. 


he  fays,  by  CB,  or  AH,  the  fine  of  the  angle  of  incidence,  and 
by  EB,  orlG,  the  fine  of  the  angle  of  refradtion,  and  not  by  the 
angles  themfelves,  ABH  and  GBI,  and  much  lefs  by  the  angle 
DBI,  the  difference  between  them.  For  the  proportion  of 
thefe  angles  changes  with  every  degree  of  inclination  ;  whereas 
that  of  the  lines,  AH  and  IG,  is  the  fame,  at  eveiy  degree  of 
inclination  in  the  fame  medium  ;  fo  that,  if  two  rays,  KB  and 
AB,  fig.  40,  be  incident  on  the  fame  point  of  a  refradting  me¬ 
dium,  B,  and  the  formj^  be  refradted  to  L,  and  the  latter  to  I, 
KM  will  be  to  AH,  as  ML  is  to  SI.  This  proportion  being  once 
found,  for  any  one  angle  of  incidence,  it  will  be  unneceffary  to 
try  any  more,  though  it  will  be  fafer  to  make  the  trial  with  feve- 
ral  angles  of  incidence,  in  order  to  afcertain  the  fame  thing  with 
the  greater  certainty.  It  will  be  abfolutely  neceffary,  however, 
to  make  thefe  experiments  with  every  different  medium,  becaufe 
the  ratio  of  the  fine  of  the  angle  of  incidence,  to  that  of  re¬ 
fradtion  is  hardly  the  fame  in  any  two.  * 

It  does  not  appear  that,  before  Defcartes,  any  perfon  attempt¬ 
ed  to  explain  the  caufe  of  refradtion,  which  he  undertook  to  do 
by  the  refolution  of  forces,  on  the  principles  of  mechanics  ;  in 
confequence  of  which  he  was  obliged  to  fuppofe  that  light  paf- 
fes  with  more  eafe  through  a  denfe  medium  than  a  rare  one. 
Thus  the  ray  AB,  fig.  41 ,  falling  obliquely  on  a  denfer  medium 
at  B,  is  fuppofed  to  be  adted  upon  by  two  forces,  one  of  them 
impelling  it  in  the  diredtion  AC,  and  the  other  in  AD,  which 
only  can  be  affedted  by  the  change  of  medium ;  and  fince,  after 
the  ray  has  entered  the  denfer  medium,  it  approaches  the  per¬ 
pendicular  BH,  it  is  plain  that  this  force  muft  have  received  an 


*  Defcartes’s  Dioptrics,  p.  62. 
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increafe,  while  the  other  continued  the  fame,  for  if  BE  be  taken 
equal  to  BD,  or  CA,  the  confequence  of  the  angle  IBH  being 
lefs  than  ABC,  will  be,  that  BH  muft  be  longer  than  BC, 
or  AD. 

The  fird  perfon  who  quedioned  the  truth  of  this  explanation 
of  the  caufe  of  refradlion  was  M.  Fermat,  counfellor  to  the 
parliament  of  Thouloufe,  and  an  able  mathematician.  He  af- 
ferted,  contrary  to  Defcartes,  that  light  fuffers  more  reddance  in 
water  than  in  air,  and  more  in  glafs  than  in  water  ;  and  he  main¬ 
tained  that  the  reddance  of  different  mediums,  with  refpedl  to 
light,  is  in  proportion  to  their  denfities.  M.  Leibnitz  adopted 
the  fame  general  idea  and  thefe  gentlemen  argued  upon  the 
fubjedl  in  the  following  manner. 

Nature,  they  fay,  accomplifhes  her  ends  by  the  fhorted  me¬ 
thods.  Light,  therefore,  ought  to  pafs  from  one  point  to  ano¬ 
ther,  either  by  the  fhortefl:  road,  or  that  in  which  the  lead:  time 
is  required.  But  it  is  plain  that  the  line  in  which  light  paffes, 
when  it  falls  obliquely  upon  a  denfer  medium,  is  not  the  mod: 
diredl,  or  the  fhortefl ;  fo  that  it  mud:  be  that  in  which  the  leafl 
time  is  fpent.  And,  whereas  it  is  demonflrable,  that  light,  fil¬ 
ling  obliquely  upon  a  denfer  medium  (in  order  to  take  up  the 
lead:  time  poffible,  in  palling  from  a  point  in  one  medium,  to 
a  point  in  the  other)  mud  be  refradted  in  fuch  a  manner,  that 
the  fines  of  the  angles  of  incidence  and  refradtion  mud  be  to  one 
another,  as  the  different  facilities  with  which  light  is  tranfmitted 
in  thofe  mediums,  it  follows  that,  fince  light  approaches  the  per¬ 
pendicular  when  it  pad'es  obliquely  from  air  into  water  (fo  that 
the  fine  of  the  angle  of  refradtion  is  lefs  than  that  of  the  angle 
of  incidence)  the  facility  with  which  water  fuffers  light  to  pafs 
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through  it  is  lefs  than  that  of  the  air ;  fo  that  the  light  meets 
with  more  refinance  in  water  than  in  air. 

This  method  of  arguing,  from  final  caufies ,  could  not  fatisfy 
philofophers.  M.  Fermat  himfelf  was  not  thoroughly  pleafed 
with  it,  and  had  recourfe  to  M.  De  la  Chambre  ;  but  he  was  not 
capable  of  affording  him  any  fupport. 

I  fhall  take  this  opportunity  of  mentioning  the  hypothecs  of 
Dechales,  to  explain  the  law  of  refraction.  He  fuppofes  that  e- 
very  ray  of  light,  as  BCAD,  fig.  42,  is  compofed  of  feveral  fmaller 
rays,  which  adhere  to  one  another ;  and  that  they  are  refraCted 
towards  the  perpendicular,  in  palling  into  a  denfer  medium,  be- 
caufe  one  part  of  the  ray,  as  B,  meets  with  more  refinance  than 
another  part,  as  Aj  fo  that  B  traverfes  a  fmaller  fpace  than  A  $ 
in  confequence  of  which  the  ray  mull  neceffarily  bend  a  little 
towards  the  perpendicular.  The  famous  Dr.  Barrow  adopted 
this  hypothefis,  if,  indeed,  he  was  not  the  author  of  it,  but 
Dechales  himfelf  was  not  fatisfied  with  it.  It  is  evident  that, 
on  this  hypothefis,  mediums  of  a  greater  refractive  power  mull 
give  greater  reliftance  to  the  paffage  of  the  rays  of  light  than  me¬ 
diums  of  a  lefs  refradtive  power,  which  is  contrary  to  faCt.  * 

®  Saverien’s  Di&ionarie,  Vol.  2,  p.  368. 
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SECTION  II* 

Discoveries  concerning  the  RAINBOW. 

ON E  of  the  moft  confiderable  of  the  real  improvements 
_ _ _  $  that  Defcartes  made  in  optical  knowledge  is  his  explica¬ 
tion  of  the  rainbow,  which  he  took  up  after  Antonio  De  Domi- 
nis,  who  gave  no  tolerable  folution  of  the  phenomenon  of  the 
external  bow,  and  no  reafon  at  all  for  the  precife  angle  which  each 
of  them  fubtends  at  the  eye  of  the  fpeCtator  ;  concerning  both 
of  which  circumftances,  Defcartes  has  given  us  perfect  fatisfac- 
tion,  though  he  failed  in  his  attempt  to  account  for  the  colours 
of  this  remarkable  object. 

According  to  this  philofopher,  the  exterior,  or  fecondary 
bow  is  formed  by  two  reflexions,  and  two  refractions  in  a  drop 
of  water,  as  at  B,  fig.  43,  in  which  S  reprefents  the  fun,  and 
O  the  eye  of  the  fpeCtator,  receiving  a  ray  of  light,  after  it  has 
been  thus  twice  reflected  within  the  drop,  and  refraCted  once  at 
its  entrance  near  the  lower  part  of  it,  and  again  at  its  exit,  near 
the  upper  part ;  whereas  in  the  interior,  or  primary  bow,  the 
ray  enters  at  the  upper  part  of  the  drop,  is  only  once  reflected 
within  it,  and  then  again  refraCted  at  the  lower  part,  from  which 
it  is  tranfmitted  to  the  eye  ;  as  at  A,  in  the  fame  figure. 

To  account  for  drops  in  fome  particular  fituations,  and  in  no 
others,  tranfmitting  light  in  this  manner,  fo  as  to  make  the  two 
bows  always  to  appear  under  the  fame  angle  he  obferves,  that 
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it  requires  a  confiderable  quantity,  or  denfity  of  light,  to  affeCt 
the  eye  in  a  fenfible  manner  ;  and  he  found  by  calculation,  that, 
of  all  the  rays  which  proceed  from  the  fun,  none  are  tranfmitted 
to  the  eye,  after  fuffering  the  above  mentioned  reflexions  and  re¬ 
fractions,  but  thofe  which  are  diflant  from  the  central  ray  be- 

v 

tween  85  and  86  hundredth  parts  of  the  radius  of  the  fphere. 
No  other  than  thefe,  therefore,  can  fenfibly  affeCt  the  eye.  But 
thefe  form,  with  a  line  drawn  from  the  fun  to  a  point  in  the  hea¬ 
vens  oppofite  to  it,  an  angle  of  41 p.  30',  fuppofing  the  fine  of  the 
angle  of  incidence  be  to  that  of  the  angle  of  refraction  from  air 
into  water  as  257  to  180.  By  a  flmilar  procefs  he  demonftrates 
that,  of  all  thofe  rays  that  are  tranfmitted  to  the  eye  after  two  re¬ 
flexions  within  the  drop,  none  are  fufliciently  denfe,  but  thofe 
which  iffue  at  an  angle  of  51 0  57'  from  the  point  oppofite  to  the 
fun ;  and  that  no  drops  in  the  interval  between  A  and  B  can 
tranfmit  any  rays  that  will  fenfibly  affeCt  the  eye.  * 

Defcartes’s  own  explanation  of  the  reafon  why  the  two  rain¬ 
bows  are  feen  at  thefe  precife  angles  may  be  feen  in  his  Diop¬ 
trics,  p.  220.  He  there  informs  us,  that  he  was  at  a  lofs  to 
know  why  the  two  rainbows  appeared  under  thefe  particular 
angles,  till  he  took  his  pen,  and  calculated  the  effect  of  refrac¬ 
tion  on  rays  falling  on  every  point  of  a  drop  of  water,  in  order 
to  find  under  what  angles  they  could  come  to  our  eyes  after  two 
refradtions,  and  one  or  two  intermediate  reflexions ;  and  he  was 
fatisfied  that,  after  one  reflexion  and  two  refractions,  many  more 
rays  could  be  feen  under  an  angle  betwixt  41  and  42  degrees, 
than  under  any  lefs  angle,  and  none  at  all  under  a  greater.  Al- 
fo,  that,  after  two  reflexions  and  two  refractions,  many  more  rays 


?  Montucla,  Vol.  2,  p.  203. 
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came  to  the  eye  under  an  angle  of  51  or  52  degrees,  than  under 
any  greater,  and  that  none  of  them  could  come  to  the  eye  un¬ 
der  a  lefs  angle. 

To  make  my  younger  readers  underflan  d  what  rays  thofe  are 
that  are  fo  refradted  and  reflected  in  a  drop  of  rain,  as  to  exhi¬ 
bit  the  colours  of  the  rainbow,  let  XY,  fig.  44,  reprefent  a  drop 
of  rain,  and  let  SA,  SB,  SC,  SD,  &c.  be  rays  of  light  falling  up¬ 
on  it  from  the  fun,  which  may,  therefore,  be  confidered  as,  in 
fadl,  parallel  to  one  another.  The  ray  SA,  falling  perpendicu¬ 
larly  upon  the  drop,  will  pafs  through  it,  without  being  diverted 
out  of  its  courfe  j  but  every  other  ray,  falling  more  obliquely, 
will  converge  towards  the  ray  SA,  and  will  tend  to  meet  it  at  a 
greater  or  lefs  diftance,  according  to  its  greater  or  lefs  degree  of 
obliquity.  The  confequenee  of  this  mufl  be,  that  there  will  be 
fome  point,  P,  on  the  oppofite  furface,  which  will  be  the  far- 
thefl  from  the  .line  AM  that  any  ray,  as  SD,  can  fall.  All  the 
rays  above  this,  as  SE,  ,&c.  being  fo  oblique  to  the  furface,  that, 
if  they  be  produced,  after  refradtion,  they  would  tend  to  meet 
the  perpendicular  ray  in  a  place  nearer  than  that  in  which  SD 
would  have  met  it,  and  confequently  would  flrike  the  oppofite 
furface  nearer  to  M  than  P.  If  rays  be  taken  at  equal. dillances 
from  this  extreme  ray  SD,  on  each  fide  of  it,  provided  thefe 
dillances  be  but  fmall,  as  SE,  and  SC,  they  will  fall,  without 
fenfible  error,  on  the  fame  point  of  the  oppofite  furface,  as  at  O  ; 
and,  for  the  fame  reafon,  SF  and  SB  will  meet  at  N.  It  is,  like- 
wife,  demonflrable,  that  (fince  the  angles  of  incidence  and  re¬ 
flexion  are  equal)  any  two  rays  that  meet  upon  the  fame  point  of 
the  oppofite  furface,  as  at  N,  will  ilfue  parallel  to  one  another, 
when  they  go  out  of  the  drop,  as  in  the  lines  VR  and  TQ^  But 
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fince  all  the  rays  that  fall  between  thefe  diflant  ones,  SF  and  SB, 
will  be  reflected  in  very  different  angles,  they  will  come  alone 
to  the  eye,  and  therefore  will  not  make  a  fenfible  impreffion  up¬ 
on  it ;  whereas  thofc  that  fall  near  the  ray  SD,  will  not  only  iffue 
parallel  to  one  another,  but  alfo  very  nearly  parallel  to  all  thofe 
that  fall  between  them.  Confequently, .  they  are  the  rays  that, 
fall  with  the  obliquity  of  the  ray  SD,  on  which  the  colours  of 
the  rainbow  depend  ;  and  fince  the  proportion  between  the  angles 
of  incidence  and  refraction  from  air  into  water  is  known,  this 
angle  may  be  calculated,  and  therefore  the  angle  which  the  arch' 
of  the  bow  itfelf  makes  at  the  eye,  which  depends  upon  it.  In 
a  fimilar  manner,  may  the  diameter  of  the  exterior  bow  be  cal¬ 
culated  likewife. 

Though  Defcartes  could  not  give  any  fatisfadtory  account  of 
the  colours  of  the  rainbow,  he  confidered  the  fmall  portion  of 
the  globule  of  water,  at  which  the  ray  iffues,  as  having  the  ef¬ 
fect  of  a  prifm ;  which  was  known  to  have  the  property  of  ren¬ 
dering  the  light  that  was  tranfmitted  through  it  coloured.  He 
alfo  obferved,  that  the  different  fituation  of  thefe  fmall  prifms, 
with  refpeCt  to  the  eye  of  the  fpeCtator,  muft  be  the  reafon  why 
the  colours  appear  in  a  contrary  order  in  the  two  bows.  If  this 
philofopher  had  been  afked  in  what  manner  the  prifm  produces 
colours,  he  could  only  have  anfwered  that  it  modifies  the  light, 
and  that  colour  is  a  modification  of  light. 

Defcartes  fatisfied  himfelf  that  he  had  hit  upon  the  true  folu- 
tion  of  the  fecondary,  as  well  as  of  the  primary  rainbow,  by  ex¬ 
periments  with  a  glafs  globe  filled  with  water,  and  expofed  to  the 
rays  of  the  fun.  If  IG,  fig,  45,  reprefent  the  globe,  and  AB  and 
FG  be  rays  of  the  fun  falling  upon  it,  while  his  eye  was  at  E  ; 
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he  obferved  that  when  he  looked  towards  D,  that  part  of  the 
globe  appeared  red ;  and  that  was  the  only  colour  exhibited  by 
it,  while  his  eye  was  fo  fituated,  that  the  ray  ED  made  the  fame 
angle  DEM,  viz.  of  420,  with  the  line  ZM  pafling  through  his 
eye  and  the  fun.  If  he  placed  his  eye  fo  that  this  angle  became 
a  little  larger,  the  red  difappeared  j  and  if  he  made  the  angle 
lefs,  the  red  gave  place  to  the  lighter  colours  of  the  bow.  Then 
looking  towards  the  part  K,  fo  as  to  make  the  angle  KEM  about 
5  20,  he  obferved  that  part  of  the  globe  to  look  red,  but  not  fo 
bright  as  D  had  done.  Enlarging  this  angle,  he  obferved  the 
fainter  colours ;  but  if  he  made  it  lefs,  all  the  colours  difappear¬ 
ed  in  that  place.  To  make  this  order  of  colours,  the  rays  of 
light  had  entered  at  the  lower  part  of  the  globe  G,  had  been  re¬ 
flected  at  H  and  I,  and  finally  refraCted  at  K ;  as,  in  the  former 
cafe,  the  rays  had  entered  the  upper  part  of  the  globe  B,  had  been 
reflected  at  C,  and  finally  refracted  at  D. 
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H  E  moft  important  observations  relating  to  vifion  within* 
JL  this  period,  were  made  by  Scheiner.  To  him  we  are  in-1 
debted  for  compleating  the  difcovery  concerning  vilion,  as  per¬ 
formed  by  means  of  the  images  of  external  objedts  upon  the  re¬ 
tina.  For,  in  cutting  away  the  coats  of  the  back  part  of  the* 
eyes  of  fheep  and  oxen,  and  presenting  Several  objedts  before 
them,  within  the  ufual  diftance  of  vifion,  he  Saw  their  images 
diftindtly  and  beautifully  painted  upon  the  naked  retina.  He 
did  the  fame  with  the  human  eye.  This  curious  experiment  he 
exhibited  at  Rome  in  the  year  1625.  * 

Scheiner  takes  particular  notice  of  the  correspondence  between 
the  eye  and  the  Camera  Obfcura,  and  explains  a  variety  of  me¬ 
thods  to  make  the  images  of  objedts  eredt.-f-  As  to  the  images 
of  objedts  being  inverted  in  the  eye,  he  acquiefces  in  the  reafon 
given  for  it  by  Kepler ;  viz.  that  the  mind  traces  the  progrefs  of 
the  rays  to  the  pupil,  and  refers  them  to  that  part  of  the  objedt, 
from  which  they,  at  that  place,  feemed  to  have  proceeded.  § 

•  That  the  pupil  of  the  eye  is  enlarged,  in  order  to  view  remote 
objedts,  and  that  it  is  contradted  while  we  are  viewing  thofe  that 
are  near,  is  a  fadt  with  which  Scheiner  was  well  acquainted,  and 


*  Schott’s  Magia  Univerfalis,  p.  87.  f  Oculus,  p.  176,  §  lb,  p.  192. 
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what  he  proved  by  experiment,  and  illuftrated  by  figures.  When 
a  needle,  or  any  fmall  objedl,  is  brought  near  to  the  eye  'of  any 
perfon,  who  looks  attentively  at  it,  the  pupil,  he  fays,  is  plain¬ 
ly  feen  to  contract  5  and  it  as  conftantly  expands  whenever  it  is 
withdrawn.  * 

He  Ihews  that  the  vifual  rays  proceeding  from  any  objedl,  and 
palling  through  a  fmall  hole  in  a  thin  board  or  card,  &c.  before 
they  reach  the  eye  crofs  one  another ;  f  u*  if  the  edge  of  a  knife 
be  applied  clofe  to  the  board,  on  the  fine  next  to  the  eye,  and 
be  moved  along  it,  till  it  come  to  the  hole,  it  will  firft  conceal 
from  the  light,  that  part  of  the  objedl  which  is  lituated  on  the 
oppolite  fide  of  the  hole,  ■f*  It  is  not  neceflary,  in  this  experi¬ 
ment,  that  the  knife  Ihould  be  clofe  to  the  board.  It  will  fuc- 
ceed  equally  well  wherever  the  knife  is  placed,  between  the  board 
and  the  eye.  The  reafon  of  this  appearance  is,  that  all  the  pen¬ 
cils  palling  through  this  fmall  hole  mull  neceflarily  crofs  one  ano¬ 
ther  in  that  place ;  and,  being  much  fmaller  than  the  pupil  of 
the  eye,  the  pencils  belonging  to  the  objedl  next  to  the  left  hand 
mull  fall  upon  the  right  fide  of  the  pupil,  and  vice  ver/a ;  fo  that 
a  knife  palling  between  the  eye  and  the  hole  mull  necelfarily  in¬ 
tercept  the  rays  that  come  from  the  oppofite  fide  firll. 

Making  a  number  of  perforations  with  a  fmall  needle  in  a  piece 
of  palleboard,  not  farther  diftant  from  one  another  than  the  dia¬ 
meter  of  the  pupil  of  the  eye,  he  fays,  that,  if  it  be  held  clofe 
to  one  eye,  while  the  other  is  Ihut,  as  many  images  of  a  diftant 
objedl  will  be  feen  as  there  are  holes  in  the  palleboard,  and  even 
more  diftindtly  than  if  nothing  was  interpofed  between  them  and 
the  eye.  §  And  yet  he  obferves,  that,  at  a  certain  diftance,  ob~ 

*  Oculus,  p.  31.  f  lb.  p.  32.  §  lb.  p.  37. 
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jeds  do  not  appear  multiplied  when  they  are  viewed  in  this  man¬ 
ner.  *  An  explanation  of  this  curious  phenomenon,  will  be 
found  among  the  difcoveries  relating  to  vifion  in  the  laft  period 
of  this  hiftory. 

If  an  object  be  fufpended  in  a  fmall  hole  made  in  a  thin 
board,  and  an  eye,  fituated  in  the  dark,  look  through  the  hole 
at  a  number  of  torches,  or  other  luminous  bodies,  he  obferves 
that  as  many  of  the  fmall  objeds  will  be  feen,  as  there  are 
torches,  See.  -f*  In  fad:,  it  is  the  fhadow  of  the  objed,  made 
by  each  of  the  luminous  bodies,  that  is  call:  upon  the  eye. 

Scheiner  took  a  good  deal  of  pains  to  afeertain  the  denfity  and 
refradive  power  of  all  the  humours  of  the  eye,  by  comparing 
their  magnifying  power  with  that  of  water  or  glafs,  in  the  fame 
form  and  circumftances  y  and  concludes,  that  the  aqueous  hu¬ 
mour  doth  not  differ  much  from  water  in  this  refped,  nor  the 
cryftalline  from  glafs  ;  and  that  the  vitreous  humour  is  a  me¬ 
dium  between  them  both.  He  alfo  very  accurately,  and  minute¬ 
ly  traces  the  progrefs  of  the  rays  of  light  through  all  the  hu¬ 
mours  of  the  eye  ;  and,  after  difeuffing  every  poflible  hypothe¬ 
cs  concerning  the  proper  feat  of  vifion,  demonftrates  that  it  is 
in  the  retina ,  and  fliews  that  this  was  the  opinion  of  Alhazen, 
Vitellio,  Kepler,  and  all  the  moil  eminent  philofophers.  He 
produces  many  reafons  of  his  own  for  this  hypothecs,  anfwers 
a  great  number  of  objedions  to  it,  and,  by  a  variety  of  argu¬ 
ments,  refutes  the  opinion  of  former  times,  that  the  feat  of  vi- 
fton  is  in  the  cryftalline.  § 

In  the  writings  of  Defcartes  we  find  a  variety  of  obfervations 
on  the  phenomena  of  vifion,  feveral  of  which  are  very  judicious, 
and  worth  reciting.  He  well  explains  the  natural  methods  of 

*  Qculus,  p.  41,  f  lb.  p.  49.  §Ib.  p.193. 
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judging  of  the  magnitudes,  fituations,  and  diftances  of  objeds 
by  the  direction  of  the  optic  axes,  comparing  it  to  a  blindman’s 
judging  of  the  fize  and  diflance  of  an  objed,  by  feeling  at  it  with 
two  flicks  of  a  known  length,  when  the  hands  in  which  he  holds 
them  are  at  a  known  diflance  from  each  other. 

He  alfo  obferves  that,  having  been  accuflomed  to  judge  of  the 
fituation  of  objeds  by  their  images  falling  on  a  particular  part 
of  the  eye ;  if,  by  any  diflortion  of  the  eye,  they  fall  on  a  dif¬ 
ferent  place,  we  are  apt  to  miflake  their  fituation,  or  imagine 
one  objed  to  be  two ;  as,  till  we  become  accuflomed  to  it,  we 
imagine  one  flick  to  be  two,  when  it  is  placed  between  two  con¬ 
tiguous  fingers  laid  acrofs  one  another.  But  he  obferves  that  all 
the  methods  we  have  of  judging  of  the  diflances  of  objeds.  are 
very  uncertain,  and  extend  but  to  narrow  limits.  The  direcr 
tion  of  the  optic  axes*  he  fays,  will  not  ferve  us  beyond  15  or 
20  feet,  and  the  change  of  the  form  of  the  cryflalline  not  more 
than  3  or  4  feet.  *  For  he  imagined  that  the  eye  conforms  it,- 
felf  to  the  view  of  near  or  diflant  objeds  by  a  change  in.  the 
curvature  of  the  cryflalline,  which  he  fuppofed  to  be  a  mufcle, 
the  tendons  of  it  being  the  proceffus  ciliares.-f*  In  another  place 
he  fays  that,  the  change  in  the  conformation  of  the  eye  is  of  no 
ufe  to  us  for  the  purpofe  of  judging  of  diflances  beyond  four 
or  five  feet,  and  the  angle  of  the  optic  axes  not  more  than 
100  or  200  feet.  For  this  reafon,  he  fays,  the  fun  and  moon 
are  conceived  to  be  much  more  nearly  of  the  fame  fize  than  they 
are  in  reality.  §  .  t 

White  and  luminous  objeds,  he  fays,  appear  larger  than  o- 
thers,  and  alfo  the  parts  contiguous  to  thofe  on  which  the  rays 

*  De  homine,  p.  64.  f  Dioptrics,  p.  66.  §  lb.  p.  39. 
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actually  impinge;  and,  for  the  fame  reafon,  if  the  objeds  be 
fmall,  and  placed  at  a  great  diftance,  they  will  always  appear 
round,  the  figure  of  the  angles  difappearing.  * 

Defcartes  thought  that  thofe  coloured  circles  which  fometimes 
appear  round  the  flame  of  a  candle,  and  which  had  been  ima¬ 
gined  to  be  fimilar  to  halo's  are  to  be  afcribed  to  fome  affedion 
of  the  eye.  This  conclufion  he  was  led  into  by  a  cafual  obfer- 
vation  refpeding  himfelf.  For  when,  after  leaning  his  head  for  a  ' 
confiderable  time  upon  his  hand,  during  which  time  his  right 
eye  had  been  clofed,  and  with  his  left  he  had  been  looking  to¬ 
wards  the  heavens,  a  candle  was  brought  to  him,  and  he  looked 
upon  it  with  both  eyes,  he  faw  two  circles  round  the  flame;  fig. 
46,  confifting  of  colours  as  vivid  as  any  that  he  had  ever  feen  in 
the  rainbow.  *  The  larger,  AB,  was  red  without  and  blue  with¬ 
in,  and  the  lefs  was  red  without  and  white  within  j  and  this  co¬ 
lour  extended  quite  to  the  flame.  Upon  doling  his  right  eye, 
both  thefe  circles  vanilhed,  but  upon  opening  it  again,  and  clof- 
ing  his  left  eye,  they  appeared  as  before.  From  thefe  obferva- 
tions  he  concluded,  that  the  caufe  of  this  appearance  was  the  Hate 
which  his  right  eye  had  been  brought  into,  by  keeping  it  prefled 
with  his  hand ;  but  in  what  manner  it  had  been  affeded,  he  did 
■  not  pretend  to  determine,  -f* 

I  cannot  fay  that  I  have  much  to  advance  in  favour  of  any  of 
GalTendi’s  peculiar  opinions  concerning  vilion.  I  lhall,  there¬ 
fore,  only  mention  two  of  them,  becaufe  I  find  them  referred 
to  by  other  writers,  fome  of  whom  have  taken  a  great  deal  of 
pains  to  confute  them.  He  thought  that  the  fun  and  moon  ap¬ 
peared  larger  in  the  horizon  than  in  the  zenith,  becaufe,  the  light 


•  Dioptrics,  p.  93.  +  Ib.  p.  232. 
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being  weaker,  the  pupil  of  the  eye  is  more  dilated  in  looking  at 
them  ;  which  is  furpriling  in  fo  great  a  man,  confidering  how 
much  better  a  reafon  had  already  been  affigned  for  this  appear¬ 
ance  by  Ptolemy,  Alhazen,  and  other  optical  writers  who  fuc- 
ceeded  them.  To  account  for  fingle  vifion  with  two  eyes,  he 
afferted  that,  in  fadt,  we  do  not  make  ufe  of  more  than  one  of 
them  at  a  time  ;  the  one  being  relaxed,  and  inattentive  to  objects, 
while  the  other  is  upon  the  ftretch.  *  Something  like  this  o- 
pinion  we  fhall  find  advanced  in  the  laft  period  of  this  hiltory  by 
M.  Du  Tour,  who  has  produced  a  great  number  of  experiments 

•  in  favour  of  it.  •'  f  dtfif  dbifrw 

It  appears  from  Kircher,  that  fome  of  the  moll  well  known 
circumffances  relating  to  vilion,  were  very  imperfedtly  underftood 
in  his  time.  One  Jofeph  Bonacurlius,  difcourfing  with  him  con¬ 
cerning  the  properties  of  light,  afferted,.  that  he  could  make  it 
appear,  that  a  man  might  fee  an  objedt  as  dillindtly  in  the  dark, 
as  in  the  light.  Paradoxical  as  this  appeared,  our  philofopher 
tried  the  experiment;  and  to  his  great  furprize,  as  he  fays,  found 
that  the  effedts  of  it  had  not  been  aggravated.  To  make  it,  lie 
diredts  that  a  fmall  hole  be  left  in  the  Ihutter  of  a  room,  that  can 
be  made  perfedtly  dark,  and  that  this  hole  be  covered  with  thin 
paper,  on  which  marks  may  be  made ;  and  he  fays,  that  when  this 
paper  has  been  looked  upon  very  fteadily  for  fome  time*  iby  aper- 
fon  in  the  room  ;  if,  after  that,  a  white  paper  be  held  before  his 
eyes,  the  marks  of  the  former  paper  will  be  vifible  upon  it,  and 
their  colour  be  perpetually  varying,  even  though  the  hole  in  the 
Ihutter  be  perfedtly  clofed.  This  experiment,  which  is  nothing 
more  than  the  conffant  effedt  of  firil  looking  upon  any  objedl 

*  Gaffendi’s  Works,  yd.  2,  p.  395. 
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itrongly  illuminated,  and  then  ihutting  the  eyes,  is  very  folemn- 
ly  recommended  by  Kircher  to  the  conlideration  of  all  philofo- 
phers  j  and  from  it  he  concludes,  that  thefe  images  of  things 
bear  the  fame  relation  to  the  eye,  that  the  light  does  to  the  Bo- 
lognian  ftone,  which  retains  it  fome  time  after  it  has  been  ex- 
pofed  to  it.  * 

Of  this  experiment  Kircher  feems,  afterwards,  to  have  made 
fome  farther  ufe,  for  in  his  Phyjiologia ,  p.  74,  it  is  faid,  that,  if 
after  looking  at  the  fun,  a  perfon  look  upon  any  dark  object,  the 
image  in  his  eye  will  firft  be  white,  then  yellow,  then  red,  then 
green,  and  then  blue. 


io  uiij  v# i- m.  .n  b'j i dct ai  ii  oilw  oJ  .y  n.cn o iOliJ 

B"1'1-1-  SECTION  IV. 

Jib  fif!  witto  Hiitaadt'if  bus  ,u  me  not  .s*  Jti  T,arii 

. 

Improvements  in  OPTICAL  INSTRUMENTS. 

n*xi  tsiii).  (i  oTjii  .jj>cj ’->11130  j\\j.  pd»/  ttl4lnuii  -  .u it- .‘Lei, 

AFTER  what  Kepler  did  in  the  bulinefs  of  telefcopes,  and 
the  execution  of  his  plans  by  Scheiner,  which  were  men- 

j  M  v  r  7  1 ,  »  |  .  r»-  •  \  J  »  •  I  •  j  |  j  I  ‘  t  <  \  J  i  ^  ■■  « 

tioned  under  the  preceding  period,  though  a  good  deal  of  atten¬ 
tion  continued  to  be  given  to  the  fubjed,  it  being  then  new  and 
ftriking,  no  improvements  of  confequence  were  made  in  them, 
till  after  the  time  of  which  I  am  now  treating. 

All  that  I  have  farther  to  relate  concerning  Scheiner,  on  the 
fubjed  of  oprical  inlfruments,  is  his  contrivance  to  exhibit  the 
appearance  of  the  dilk  of  the  fun  with  all  its  fpots,  in  a  camera 

#  Kircher’s  Ars  Magna,  p.  118. 
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obfcura,  by  means  of  a  telefcope.  The  camera  obfcura  itfelf, 
with  the  manner  of  exhibiting  the  appearance  of  external  objects 
in  it,  we  owe  to  B.  Porta ;  but  this  gentleman  had  no  telefcope  ; 
and  if  he  had  had  one,  it  is  poffible  he  might  not  have  thought 
of  making  this  ingenious  ufe  of  it.  It  confifts  of  nothing  but 
placing  the  telefcope  in  the  direction  of  the  rays  of  the  fun  ;  fo 
that  a  perfon  may  either  look  through  it,  and  take  the  image  up¬ 
on  his  eye,  or,  with  a  little  alteration  of  the  focus,  receive  it  up¬ 
on  a  white  fheet  of  paper  ;  when  a  number  of  perfons,  at  the 
fame  time,  may  contemplate  it  at  their  leifure,  feeing  the  fpots 
upon  it,  or  the  clouds  palling  over  it,  in  a  molt  beautiful 
manner. 

Simple  as  this  experiment  is,  it  mull  have  appeared  very  ex¬ 
traordinary  to  thofe  who  firfh  obferved  it,  and  faw  the  face  of  the 
fun  fo  diftindtly,  as  in  a  mirror,  without  fo  much  as  turning 
their  faces  towards  it,  and  yet  without  any  offence  to  the  eye. 
Kircher,  in  his  defcription  of  this  appearance,  reprefents  the 
fpedtator  as  fummo  Jlupore  defixus, fixed  in  the  utmoft  afionijhment .  * 

Defcartes  himfelf,  who  is  the  principal  hero  of  this  period, 
bellowed  great  pains  on  the  fubjedt  of  telefcopes  ;  but  he  feems 
to  have  had  no  idea  of  any  conflrudtion  befides  the  Galilean;  be¬ 
ing  either  fo  much  intent  on  his  own  fchemes  and  productions, 

as  not  to  have  read  thofe  works  of  Kepler,  in  which  farther  im- 

r.  . 

provements  were  propofed,  or  not  having  given  much  attention 
to  them,  or  to  the  ufe  that  was  made  of  them  by  Scheiner  and 
others. 

Finding  that  a  fpherical  lens  does  not  make  the  rays  of  light, 
that  are  parallel  to  its  axis,  converge  to  the  fame  point,  he  took 

*  Kircher’s  Ars  Magna,  p.  2. 

T'. 


a  great 


120 


Per.  III. 


OPTICAL 

* 

f-  «.  y  *  ' 

a  great  deal  of  pains  to  find  a  better  figure  for  lenfes  ;  and  he  de- 
monftrated,  geometrically,  that  fome  others,  particularly  the 
ellipfis,  and  hyperbola,  would  anfwer  better.  *  He  even  en- 
gaged  feveral  artifts  to  make  lenfes  of  a  hyperbolical  figure,  as 
the  moft  perfect  of  all ;  but  it  does  not  appear  that  any  of  them 
had  much  fuccefs  in  their  attempts  ;  and  the  great  difcovery  of 
Sir  Ifaac  Newton,  concerning  the  different  refrangibility  of  the 
rays  of  light,  has  convinced  us,  that  their  fuccefswouldhave  been 
of  little  confequence ;  fince  the  defedl  of  vifion,  arifing  from 
the  fpherical  figure  of  the  glafs,  is  very  fmall,  in  comparifon  of 
that  which  arifes  from  this  circumftance.  Befides,  as  Montuclaob- 
ferves,  though  a  lens  in  the  form  of  an  ellipfis,  or  an  hyperbo¬ 
la,  would  make  the  rays  that  are  parallel  to  the  axis  of  the  lens 

■ 

converge  more  nearly  to  a  point,  it  would  be  of  differvice  with 
refpedt  to  thofe  .which  fall  with  fome  degree  of  obliquity  upon  it, 
fince  the  curvature  of  a  fphere  is  uniform  in  all  places,  whereas 

f  I*  r  •  „  *  *  ‘  •  f  *  ’•  7 

every  part  of  an  ellipfis,  or  an  hyperbola,  has  a  different  cur¬ 
vature.  -f* 

It  was  in,  and  a  little  before  the  age  of  Defcartes,  after  much 
attention  had  been  given  to  telefcopes,  and  other  optical  inftru- 
ments,  that  philofophers  began  to  fpeculate  concerning  the  pof- 
fibility  of  what  Archimedes  is  faid  to  have  effetted  with  burning 
mirrors,  in  deftroying  the  Roman  fleet ;  and,  obferving  that  the 
focal  diftance  of  concave  fpeculums  was  much  too  fmall  for  the 
purpofe,  the  ftory  was  generally  difcredited,  and  treated  as  a  fable, 
particularly  by  Defcartes.  But  Kircher,  and  his  pupil  Schott, 
thought  the  fubjedt  not  unworthy  of  a  more  particular  exami¬ 
nation,  efpecially  as  Proclus  is  alfo  faid  to  have  deftroyed  a  fleet 

*  Dioptrics,  p.  123,  136.  +  Montucla,  Vol.  2,  p.  201, 
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at  Conftantinople  by  the  fame  means.  Kircher,  before  he  would 
give  any  opinion  concerning  the  fads,  did  not  content  himfelf 
with  reafoning,  but  made  a  great  number  of  experiments,  in  or¬ 
der  to  judge  of  the  pofiibility  of  them.  At  firft  he  was  of  opi¬ 
nion  that  parabolical  fpeculums,  combined  in  the  manner  that 
has  been  reprefented  before,  would  anfwer  the  purpofe  •,  but  not 
fucceeding  with  them,  and  having  a  very  fruitful  invention,  he 
had  recourfe  to  many  other  expedients,  and  at  length  tried  the 
effed  of  a  number  of  plane  mirrors. 

He  ereded  a  frame,  on  which  he  placed  five  of  thefe  mirrors, 
of  the  fame  fize,  and  in  fuch  a  manner  as  to  throw  the  rays  that 
were  refleded  from  them  upon  the  fame  place,  at  the  diftance  of 
more  than  a,  hundred  feet ;  and  thefe  five  mirrors  only  produced 

1 1  v*  i  v*  p  5  »  <  ^  l  *  *  ’  <  •#' 

fo  great  a  degree  of  heat,  that  he  had  no  doubt  but  that,  by  mul¬ 
tiplying  them,  he  could  have  fet  fire  to  inflammable  fubfiances 
at  a  greater  diftance.  *  A  drawing  of  this  machine  of  Kircher’s 
may  be  feen  in  his  Ars  Magna  lucis  et  umbrce ,  p.  772. 

So  intent  was  this  indefatigable  philofopher  upon  this  fubjed, 
that,  after  thefe  trials,  he  made  a  voyage  to  Syracufe,  in  com¬ 
pany  with  Schott,  on  purpofe  to  take  a  view  on  the  place  of  the 
fuppofed  tranfadion  ;  and  they  both  concluded,  that  the  galleys 
of  Marcellus  could  not  have  been  more  than  thirty  paces  from 

1  Archimedes.  *f*  ^  ai  ttianvtl 

M.  Buffon,  without  knowing  what  had  been  done  by  Kircher, 
hit  upon  the  fame  method  of  burning  at  a  diftance.  In  1 747 
he  conftruded  a  machine  which  contained  400  mirrors,  each 
half  a  foot  fquare,  with  which  he  could  melt  lead  and  tin  at  about 


«  4 


*  Phil.  Tranf.  Vol.  48,  p.  622.  f  lb.  p.  625 
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a  hundred  and  forty  feet  from  it,  and  he  could  fire  wood  at  a 
much  greater  diftance.  * 

The  Marquis  de  Courtivron  took  the  pains  to  make  an  exadt 
Calculation  of  the  effedt  of  fuch  a  machine  as  that  of  M.  Buffon, 
confifting  of  plane  mirrors,  compared  with  one  that  is  truly 
fpherical,  and  found  that  the  quantity  of  light  refledted  by  the 
latter  was  to  the  quantity  refledted  upon  the  fame  place  by  an  e- 
qual  furface  of  the  former,  as  314  to  2474,  that  is,  that  the  ef- 
fedt  of  the  plane  mirror  is  about  4  lefs  than  that  of  the  fpherical. 

Dr.  Wolfe  (after  giving  an  account  of  the  ftrudture  and  effedt 
of  fome  parabolical  burning  mirrors,  conftrudted  by  M.  Hoefen 
of  Drefden,  and  which  are  now  in  the  pofieflion  of  M.  Ehrard 
of  the  fame  place)  fo  late  as  the  year  1768,  fuppofed  that  the 
ipeculums  of  Archimedes  might  have  been  of  the  fame  kind  ; 
fince  a  parabola,  whofe  parameter  is  2000  feet,  may  eafily  be  de- 
fcribed,  and  that,  pofiibly,  rays  refledted  from  fuch  a  fpeculum, 
may  be  received  by  a  lens  after  the. focus,  and  tranfmitted  paral¬ 
lel  to  any  diftance,  but  that  the  fufibility  of  the  glafs  muft  be 
confidered.  §  The  author  of  this  account  was  not  aware  that 
Kepler  and  Dechales,  as  mentioned  above,  had  demonftrated  the 
impoflibility  of  this  effedt. 

Confidering  how  foon  Kircher’s  tables  of  refradtions  were  fu~ 
perfeded  by  more  perfedt  difcoveries  and  obfervations,  we  are, 
perhaps,  at  this  day,  moft  obliged  to  him  for  his  ingenious  con¬ 
trivance  of  the  Magic  lantern,  and  fome  other  things  in  the  op¬ 
tical  way,  that  are  calculated  to  afford  us  amufement.  The 
magic  lantern,  in  particular,  is  capable  of  making  fo  much  di~ 

*  Montucla,  Vol.  i,.p.  24$.  f  Ac.  Par.  1747.  M.  p.  659.  §  Phil.  Tranf. 

Vol.  59,  p.  4. 
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verfion  to  children,  and  perfons  unacquainted  with  the  princi¬ 
ples  of  opticks,  and  even  to  philofophers  themfelves,  in  an  hour 
of  relaxation,  that  it  certainly  deferves  to  be  defcribed  in  this 
place.  By  means  of  this  curious  inftrument,  fmall  coloured 
images  painted  upon  glafs  are  prodigioufiy  magnified,  and  thrown 
upon  an  oppofite  wall,  in  all  their  natural  and  vivid  colours,  and 
of  whatever  fize  a  perfon  fhall  chufe. 

It  confifts  of  two  lenfes,  CD  and  EF,  fig.  47,  inclofed  in  a 
dark  lantern,  together  with  a  candle  A,  and  the  image,  GH,  is 
placed  between  the  lenfes.  The  ufe  of  the  lens  CD,  is  to  throw 
a  ftrong  light  upon  the  image,  from  which  rays  of  the  feveral 
pencils  iftuing,  and  pafling  through  the  lens  EF,  are  made  to 
converge  to  their  foci  IK,  at  the  oppofite  wall.  By  having  the 
inftrument  fo  contrived,  as  that  the  lens  EF  may  move  in  a  Aide, 
the  focus  may  be  made,  and  confequently  the  image  appear 
diftintt,  at  almoft  any  diftance.  Sometimes  a  concave  mirror,1 
MN,  is  placed  behind  the  candle,  in  order  to  throw  ftill  more 
light  upon  the  objedt,  and  to  make  the  image  upon  the  wall 
ftill  more  vivid. 

A  view  of  the  inftrument  itfelf  may  be  feen  fig.  48,  in  which 
a  is  the  lens  that  throws  the  light  upon  the  object.  Thofe  who 
chufe  to  fee  Kircher’s  own  drawings  of  this  ingenious  inftru¬ 
ment,  will  find  fome  very  fine  ones  in  his  Ars  Magna  lucis  et  um¬ 
brae ,  p.  768,  769.  He  will  there  fee  that  the  inventor  of  this  in¬ 
ftrument  had  Aiders  filled  with  images,  fuch  as  we  make  ufe  of 
at  this  day  ;  but  he  will  alfo  perceive  that  Kircher,  with  all  his 
ingenuity,  of  which  it  is  impoflible  not  to  conceive  a  very  great 
opinion,  had  not  the  art  of  making  his  lamp  burn  without 
fmoke  5  though  it  is  pofiible  that  the  defigner  he  employed  might. 
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in  order  to  fhew  his  fkill  in  drawing,  make  a  greater  cloud  of 
linoke  both  from  the  lamp,  and  the  chimney  belonging  to  this 
inftrument  than,  in  fadt,  ever  iffued  from  them. 

Among  other  amufing  things  that  were  either  invented  or  im¬ 
proved  by  Kircher,  was  the  method  of  throwing  the  appearance 
of  letters,  and  other  forms  of  things,  into  a  darkened  room  from 
without,  by  means  of  a  lens  and  a  plane  mirror.  The  figure 
49  from  Schott’s  MagiaVniverfalis ,  p.  428,  will  make  the  whole 
method  very  plain.  The  figures  or  letters  were  written  upon  the 
face  of  the  mirror,  and  inverted,  and  the  focus  of  the  lens  was 
contrived  to  fall  upon  the  fcreen  or  wall  that  received  their 
images.  In  this  manner  he  fays,  that,  with  the  light  of  the 
fun,  he  could  throw  a  plain  and  diftindt  image  500  feet.* 

Kircher  being  alfo  fond  of  the  art  of  dialling,  in  which  he 
made  many  ingenious  improvements,  contrived  a  great  variety  of  • 
dials,  in  which  the  hour  was  indicated  by  the  fun  beams,  thrown 
by  reflexion  into  places  where  the  fun  could  not  fhine.  He  al- 
fo  executed  a  variety  of  other  things^  of  a  fimilar  nature,  which 
greatly  contributed  to  the  entertainment  of  himfelf  and  his 
friends.  Defcriptions  and  drawings  of  them  all  may  be  feen  in. 
his  Ars  Magna  lucis  et  umbra, 

*  Schott’s  Magia  Univerfalis,  p.  434 
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AMONG  the  mifcellaneous  articles  that  fall  within  this 
period,  the  Cartefian  theory  of  light  requires  to  be  men¬ 
tioned,  if  on  no  other  account,  at  lead:  for  its  novelty  and  Angu¬ 
larity,  being  different  from  all  the  theories  that  had  preceded  it. 
According  to  Defcartes,  light  is  neither  a  fubfiance ,  as  Epicurus 
and  fome  others  hadfuppofed,  nor  yetamer z  property  of  bodies,  as 
Ariftotle  maintained;  but  the  motion  of  a  fubtle  fluid,  communi¬ 
cated  by  the  preffure  of  a  luminous  body.  As  this  philofopher  >  ‘ 
fuppofed  that  the  univerfe  was  an  abfolute  plenum ,  without  any 
vacuities,  it  was  a  neceffary  confequence  of  this  hypothefis,  that 
light  mud:  be  tranfmitted  inflantaneoufly  ;  and  to  illudrate  it,  he 
compares  the  tranfmidion  of  light  to  motion  given  to  one  end  of 
a  rod,  which  is  inflantly  communicated  to  the  other,  whatever 
be  the  length  of  it.  * 

Light  being  nothing  more  than  motion  communicated  to  a 
fluid,  it  did  not  neceflarily  follow,  that  the  eye  had  not  a  power 
of  exciting  that  motion,  as  well  as  a  luminous  body ;  and  there¬ 
fore,  when  Defcartes  fays  that,  in  general,  viflon  is  performed 

. 

by  intromiflion,  or  by  light  proceeding  from  vifible  objects,  he 


*  Dioptrics,  p.  50. 
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fuppofed  that  there  were  exceptions  to  this  rule ;  and  he  took  it 
for  granted,  that  the  eyes  of  cats  had  the  power  of  emitting  light. 
He  alfo  thought  that  fome  men  might  fee  in  the  fame  manner.* 
Notwithflanding  Defcartes  fpeaks  of  the  inftantaneous  tranf- 
miflion  of  light  through  all  diftances,  yet,  his  reafoning  about 
the  caufe  of  refradtion  above-mentioned,  goes  upon  the  fuppo- 
fition  of  a  difference  in  its  velocity,  depending  upon  the  denfity 
of  the  medium  through  which  it  is  tranfmitted,  and  its  being 
greater  in  a  denfe  medium  than  in  a  rare  one.  The  reafon  he 
gives  for  this  is  fomething  remarkable.  A  ray  of  light,  he  fays, 
meets  with  more  refinance  in  a  rare  medium,  the  parts  of  which 
are  moveable,  and  do  not  adhere  fufficiently  to  one  another,  than 
in  a  denfe  one,  in  which  it  is  lefs  apt  to  be  turned  out  of  its  way 
on  that  account.  This  hypothecs  retained  its  credit  many  years, 
notwithflanding  the  infuperable  objection  to  it,  from  the  analogy 
which  light  would  then  bear  to  found,  which  diffufes  itfelf  in  all 
directions,  and  is  not,  like  light,  fubjedt  to  be  intercepted  by  the 
interpofition  of  any  body  whatever.  The  followers  of  Defcartes 
amended  his  hypothefis  in  feveral  refpedts,  but  without  relieving 
it  from  this  great  objedtion. 

Inftead  of  the  perfectly  folid  globules,  in  the  motion  of  which 
Defcartes  thought  that  light  confifted,  Malebranche  fubflituted 
fluid  vortices,  and  fuppofed  that  every  impreflion  communicated 
to  any  one  of  them  is  immediately  tranfmitted  to  thofe  that  are 
contiguous  to  it,  fo  that  ftill  the  propagation  of  light  is  flmilar 
to  that  of  found. -f-  The  later  Cartefians  in  general,  fuppofed 
that  the  fluid  by  which  light  is  tranfmitted  is  elaftic,  and  M. 
Huygens  made  a  ftill  farther  modification  of  the  Cartefian  hypo- 

'  • '  t  •  *  *■  t  '  •  *  ■  •  •  • 
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*  Dioptrics,  p.  57.  f  Ac*  Par.  1699,  P*  29>  M.  p.  41. 
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thefis,  imagining  the  waves  of  light  to  fpread  not  circularly,  but 
in  ellipfes ;  and  upon  this  fuppolition  he  endeavours  to  explain 
the  phenomena  of  Ifland  cryftal.  * 

It  is  no  wonder  that,  with  fuch  an  hypothecs  of  light ,  Def- 
cartes  ftiould  have  been  embarraffed  in  his  ideas  concerning  co¬ 
lours  ;  but  it  was  not  his  difpolition,  much  more  than  that  of  the 
antient  philofophers,  to  confefs  his  ignorance.  Rather  therefore 
than  fay  nothing  on  the  fubjed,  he  advanced  that  light  is  affed- 
ed  by  two  kinds  of  motion,  dired  and  circular.  When  the  cir¬ 
cular  motion  is  quicker  than  the  dired,  the  colour,  he  fays,  is 
red  ;  if  the  dired  be  quicker,  it  is  blue ;  but  if  they  be  equal, 
it  is  yellow ;  and  out  of  thefe  three  colours  it  was  long  the  opi¬ 
nion  of  many  philofophers,  that  all  the  reft  were  formed,  by  dif¬ 
ferent  proportions  in  their  mixture. 

Though  Defcartes  was  much  miftaken  with  refped  to  the  na¬ 
ture  of  light  and  colours,  he  juftly  diftinguifhes  between  black 
and  white ;  obferving  that  the  former  fuffocates,  or  extinguifties 
the  rays  that  fall  upon  it;  whereas  the  latter  refleds  them.-f* 
This  is  the  firft  diftind  account  I  have  met  with  of  this  fenfible 
hypothecs.  Kepler,  who  confidered  the  fame  fubjed,  faid,  that 
the  reafon  why  black  objeds  grow  hot  fooner  than  white  ones,  is 
not  properly  owing  to  any  difference  in  the  colour,  but  becaufe 
thofe  fubftances  which  are  black  are  of  a  more  dry  and  inflam¬ 
mable  nature,  ariditatem  et  adufiionem  fapiunt.  § 

Defcartes  was  not  equally  clear  in  all  his  ideas  concerning  co¬ 
lours.  Conceiving  of  light  as  the  motion  of  a  fluid  medium,  in 
which  refped  it  is  analogous  to  found,  and  obferving  how  agree- 

*  Huygens’s  Works,  Vol.  3,  p.  46.  +  Dioptrics,  p.  50.  §  Paralipomena, 
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{ible  green  is  to  the  eye ,  among  other  obfervations,  he  compares 
the  effect  of  it  to  that  of  an  octave  in  mufic.* 

The  opinions  of  Gafiendi  concerning  the  nature  of  light,  and 
the  reafon  which  he  gave  why  the  fun  and  moon  appear  larger  in 
the  horizon  than  in  the  meridian  have  been  already  mentioned. 
He  maintained,  however,  and  even  pretended  to  prove  by  experi¬ 
ment,  that,  notwithflanding  the  fun  appears  larger  when  he  is  in 
the  horizon,  the  fhadows  of  objects  are  larger  at  that  time  than 
they  are  when  the  fun  is  higher.  As  he  took  a  good  deal  of 
pains  about  this  experiment,  I  fhall  copy  his  defcription  of  it, 
and  the  drawing  that  he  made  to  explain  it.  IH,  fig.  50,  re- 
prefents  a  fixong  board,  four  Paris  toifes  in  length  ;  and  NI  and 
RH  are  two  fmall  boards,  about  half  a  foot  high,  eredted  at  right 
angles  to  it.  This  machine  being  placed  fo  that  the  rays  of  the 
fun  were  exadtly  parallel  to  it,  when  he  was  3  degrees  high,  the 
fhadow  of  the  former  board,  received  upon  the  latter,  meafured 
3  inches,  and  3.  6  lines  ;  at  5  degrees  of  altitude,  the  fhadow 
of  the  fame  board  meafured  3  inches,  3  lines  ;  at  8  degrees  it  was 
3  inches,  2.  8  lines,  and  at  15  degrees  it  meafured  3  inches  2.  4 
lines.  The  increafe  of  the  fhadow  in  the  afternoon  exadtly  an- 
fwered  to  the  decreafe  in  the  forenoon,  as  he  found  by  frequent 
menfurations  ;  and  when  the  fun  was  3  degrees  above  the  wef- 
tern  horizon,  the  fhadow  meafured  3  inches  3.  6  lines,  as  it  did 
when  the  fun  had  the  fame  altitude  above  the  eaflern  horizon. 
He  made  the  fame  obfervations  by  moon  light,  and  repeated 
them  very  often,  without  any  variation  in  the  refult ;  and  he 
affures  his  friends,  that  it  was  impofiible  to  make  the  menfura-* 
tions  with  more  care  or  caution.  He  accounts  for  this  great 


*  De  Homine,  p.  57. 
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of  Shadows,  when  the  fun  is  near  the  horizon,  by  fuppofing  that 
his  difk  is  contracted  by  the  grofs  vapours  through  which  he  is 
then  feen,  fo  that  the  upper  part  of  the  fhadow  is  made  by  beams 
which  iflue  not  from  the  higheft  part  of  the  difk,  but  from  a  part 
which  is  not  fo  much  elevated.  * 

If  the  diflances  of  the  fun  and  moon  had  borne  a  lefs  propor¬ 
tion  to  the  femidiameter  of  the  earth,  a  more  important  ufe 
might  have  been  made  of  this  obfervation  than  Gaffendi  was  a- 
ware  of.  For,  fince  thofe  who  live  under  the  equator  are  nearer 
to  thofe  heavenly  bodies,  by  one  femidiameter  of  the  earth,  when 
they  are  in  their  zenith,  than  when  they  are  in  the  horizon,  their 

*  '  t . 

diflances  from  the  earth  might  have  been  determined  in  this  man¬ 
ner.  But  it  cannot  be  expelled  that  a  thing  fo  ill  defined  as  a 
fhadow  fhould  be  meafured  with  fufficient  exadtnefs  for  this  pur- 
pofe,  even  with  refpedl  to  the  moon,  which  is  much  nearer  to  us 
than  the  fun.  And  fince  Gaffendi  found  no  difference  in  thefe 
two  cafes,  it  is  moft  likely,  notwithflanding  the  good  opinion  he 
had  of  his  attention  and  accuracy,  that  there  was  fome  miflake  in 
his  meafures. 

Kircher,  who  has  contributed  fomething  to  almofl  every  other 
fedtion  of  this  period,  muft  not  pafs  without  being  mentioned  in 
this.  When  he  was  at  Rome,  in  1639,  he  had  an  opportunity 
of  examining  what  was,  at  that  time,  currently  reported  concern¬ 
ing  the  camileon,  viz.  that  it  could  affume  the  colour  of  any  ob¬ 
ject  near  to  which  it  was  placed,  except  thofe  that  were  white, 
or  red  3  but  this  he  found  to  be- a  miflake,  there  being  no  founda¬ 
tion  for  any  exception  in  favour  of  thofe  two  colours 3  for,  when 
the  animal  was  placed  upon  a  white  handkerchief,  it  could  hard- 

f  GafTendi  Opera,  Vol.  3,  p.  423. 
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ly  be  diftinguilhed  from  it  j  in  the  fame  manner  as  when  it  was 
placed  upon  a  green  cloth,  it  was  as  green  as  the  cloth  itfelf. 
This  property  he  afcribes  to  the  power  of  imagination  in  the  ani¬ 
mal,  becaufe  it  lofes  it  when  it  is  dead.*  In  fadt,  the  fkin  of 
thecamileonfeemstobein  fomerefpedts  fimilar  to  a  mirror,  which 
refledts,  without  diftindtion,  all  the  coloured  light  that  falls  upon  it. 

Kircher  was  the  firft  who  obferved  the  remarkable  properties 
of  the  infufion  of  lignum  nephriticum ,  the  optical  phenomena  of 
which  have  been  the  fubjedt  of  various  difcufiion,  from  his  time 
to  that  of  Sirlfaac  Newton,  who  firft  explained  them  fatisfadtorily. 
But  as  the  obfervations  of  Kircher  were  very  imperfedt,  I  fhall 
referve  the  mention  of  them  for  an  introdudtion  to  the  more  ac^ 
curate  account  of  the  fame  appearances  by  Mr.  Boyle. 

•  Ars  Magna,  p.  43. 
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NOTWITHSTANDING  the  attempt  of  Defcartes  to  phi- 
lofophize  after  thg  manner  of  the  antients,  in  deducing 
all  the  phenomena  of  nature  from  preconceived  principles  and 
caufes,  and  the  great  number  of  his  followers,  which  threatened 
to  put  a  ftop  to  the  inveftigation  of  natural  powers  by  means  of 
experiment ,  which  had  been  fo  flrongly  recommended  by  Lord 
Bacon,  and  fo  happily  purfued  by  Galileo  and  others,  the  mani- 
feft  fuperiority  of  this  method  foon  recommended  it  to  all  the 
lovers  of  true  fcience  ;  and  from  this  sera  there  have  been  no 
advocates  for  the  Carteflan  philofophy,  or  any  other  method 
limilar  to  it,  among  philofophers. 

It  is  no  wonder,  however,  that  the  mode  of  philofophizing, 
which  was  in  ufe  before  recourfe  was  had  to  experiment,  was 
given  up  with  fo  much  reluctance.  It  was  a  compendious  road 
to  univerfal  knowledge,  and  peculiarly  flattering  to  the  ambition 
of  thofe  who  wilhed  to  appear  as  the  heads  of  feCts,  and  the 
founders  of  fyftems.  We  fhould  alfo  confider,  that  the  amazing 
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variety  which  we  now  find  in  natural  powers  and  principles, 
though  arifing,  we  have  reafon  to  believe,  from  the  greateft  uni¬ 
formity  and  fimplicity  in  their  primary  caufes,  was  a  thing  of 
which  the  ancients  fradno  idea.  Some  one  great  key,  that  was 
able  to  unlock  all  the  myfteries  of  nature,  always  appeared  to 
them  to  be  within  their  reach \  and  though  fo  many  of  them 
had  failed,  it  fuggefted  no  fufpicion  that  one  key  would  not  an- 
fwer  the  purpofe,  but  only  led  them  to  try  others.  At  length, 
however,  the  more  humble,  patient,  and  laborious  method  of 
inveftigation  was  univerfally  purfued,  by  all  perfons  who  made 
any  pretenfions  to  philofophy $  and  we  now  entertain  no  hope  of 
coming  at  the  great,  general,  and  fimple  laws  of  nature,  but 
by  tracing  them  through  an  almoft  endlefs,  but  moft  pleafing 
labyrinth,  of  fubordinate  and  particular  laws. 

So  long,  however,  was  it  before  thefe  ideas  were  generally  a- 
dbpted,-  that  We  may  confider  the  true  aera  of  experimental  phi¬ 
lofophy,  as  havifi'g  had  its  commencement  with  the  period  on 
which  We  are  now  entering ;  for,  in  faCt,  very  little  was  done  in 
this  bufinefs  till  after  the  time  of  Defcartes.  Before  this  period, 
we  hardly  meet  with  any  production  among  the  learned,  but  fuch 
as  might  have  been  executed  without  ftirring  from  their  elofets, 
except  in  what  refpe&ed  mechanicks ;  fo  that  the  proper  dis¬ 
tinction  between  the  natural  philofopher  and  the  mathematician 
was  but  little  attended  to.  Even  in  chymiftry  we  find  little  that 
is  worth  knowing  before  the  fame  period  ;  for,  notwithftanding 
the  multiplicity  of  chymical  writers,  and  the  great  parade  of 
their  procefifes,  it  appears  that  they  had  feldom  any  other  objeCt 
befides  the  production  of  certain  fubftances,  efpecially  thofe  that 
were  ufed  in  pharmacy,  and  not  the  inveftigation  of  thofe  powers 
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in  nature  by  which  they  are  produced.  But  prefently  after  this 
remarkable  period,  which  has  continued  little  more  than  a  fingle 
century,  experimental  philofophy  began  to  be  afliduoufly  culti¬ 
vated  in  all  the  countries  of  Europe  j  and,  moreover,  individuals, 
finding  themfelves  unequal  to  many  attempts  to  which  experi¬ 
mental  inquiries  led  them,  formed  themfelves  into  focieties  for 
the  greater  advancement  of  natural  knowledge. 

The  firft  of  thefe  was  eftablifhed  in  Italy  (to  which  country 
we  are  indebted  for  the  revival  and  cultivation  of  all  the  branches 
of  polite  and  ufeful  learning  j)  being  founded  by  Leopold,  Grand 
Duke  of  Tufcany,  in  1657.  The  members  of  this  celebrated 
fociety,  called  the  academy  Del  Cimento ,  were  very  afiiduous  in 
making  experiments  in  various  branches  of  natural  philofophy, 
and  were  enabled  to  do  them  to  the  greateft  advantage,  by  the 
generous  afliftance  of  their  patron.  They  were  not  entirely  un- 
attentive  to  the  phenomena  of  light,  though  it  will  be  feen  that 
their  experiments  on  this  fubjedt  are  barely  worth  reciting.  This 
refpedtable  fociety  was  fhort-lived,  the  firft  and  laft  publication 
of  their  experiments  being  in  1667. 

The  next  philofophical  fociety  was  begun  in  this  country,  hav¬ 
ing  taken  its  firft  rife  from  the  aflemblies  of  a  few  perfons  at  Ox¬ 
ford,  after  the  conclufion  of  the  civil  wars,  and  having  been  final¬ 
ly  incorporated  by  Charles  II.  in  1660.  The  next  and  only  re¬ 
maining  philofophical  fociety  of  note,  eftablifhed  within  this 
period,  is  the  royal  academy  at  Paris,  founded  by  Lewis  the 
XIVth,  in  1666,  and  refounded  and  improved  in  1699.  Thefe 
two  focieties  are  ftill  fubfifting,  and  they  never  fail  to  make  an¬ 
nual  publications  of  their  obfervations  and  difcoveries,  which  at 
prefent  are  very  numerous,  and  contain  a  great  treafure  of  ma¬ 
thematical  and  philofophical  knowledge.  Thofe 
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Thofe  of  my  readers,  who  have  a  general  acquaintance  with 
the  hiftory  of  philofophy,  will  have  a  better  idea  of  what  they 
may  expedt  in  this  period,  from  a  brief  enumeration  of  the  prin¬ 
cipal  names  that  will  occur  in  it.  But  before  1  mention  any  of 
them,  I  muft  obferve  that  I  have  found  it  moft  convenient  to 
make  this  period  of  an  indeterminate  extent  as  the  hiftory  of  it 
will  comprize  many  obfervations  and  difcoveries  that  were  made 
in  the  time  of  Sir  Ifaac  Newton,  if  they  were  independent  of  his 
great  difcovery,  concerning  the  different  refrangibility  of  the  rays 
of  light,  and  if  the  authors  of  them  were,  upon  the  whole,  pri¬ 
or  to  Newton  as,  for  the  fame  reafon^  I  propofe.  to  include  in 
the  laft  period  of  my  hiftory,  thofe  difcoveries  of  Newton’s  co¬ 
temporaries,  that  were  made  in  purfuance  of  any  of  his  difcove¬ 
ries,  or  which  fuppofe,  and  refer  to  them. 

Hitherto  not  fo  much  as  the  name  of  an  Englifhman  has  oc- 
cured  in  this  hiftory,  except  thofe  of  the  two  Bacons  j  but  about 
this  period  we  find  feveral  of  our  countrymen  putting  in  their, 
claim  to  diftindtion,  by  the  attention  they  gave  to  optical  fub- 
jedts  ;  nor  is  their  merit  in  this  refpedt  inconfiderable,  though  it 
was  eclipfed  by  the  incomparably  fuperior  difcoveries  of  Sir  Ifaac 
Newton ;  whofe  fame  in  this  fcience  is  fo  great,  as  defervedly  to 
regulate  the  principal  divifions  and  periods  of  this  hiftory. 

The  firft  among  Englifh  philofophers  within  this  period,  was  J 
Mr.  BOYLE  ;  and  his  is  a  name  that  muft  be  mentioned  with 
honour  in  the  hiftory  of  almoft  every  branch  of  experimental 
philofophy.  He  was  a  gentleman  equally  diftinguifhed  for  his 
regard  to  religion  and  fcience,  and  was  happy  in  circumftances 
that  enabled  him  to  fpare  no  expence  in  purfuing  his  refearches 
into  nature,  to  every  part  of  which  he  extended  his  enquiries,  by 
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numerous,  well  conducted,  and  generally  fuccefsful  experiments; 
and  he  has  recorded  his  difcoveries  with  the  greateft  perfpicuity 
and  modefty.  His  Experiments  and  obfervations  upon  colours  was 
one  of  the  earlieft  of  his  productions,  being  publifhed  in  1663, 
and  it  abounds  with  faCts  that  were  new  to  all  his  cotemporaries. 
A  great  part  of  them  more  properly  belong  to  other  branches  of 
experimental  philol'ophy  ;  but  feveral  of  his  ufeful  remarks  fall 
within  the  fubjeCt  of  this  volume. 

The  next  Englifhman  whofe  labours  in  this  field  claim  our 
particular  notice  is  JAMES  GREGORY,  whofe  Optica promota 
was  alfo  publifhed  in  1695.  This  gentleman  examined  with 
attention  the  caufe  of  the  diftinCtnefs  of  vifion,  and  the  mag¬ 
nifying  power  of  telefcopes,  and  demonftrated  feveral  propofi- 
tions  relating  to  thefe  fubjeCts,  which  had  efcaped  the  notice  of 
former  opticians.  He  alfo  publifhed  in  1695  his  Elements  of 
Dioptrics  and  Catoptrics  which,  being  a  mathematical  treatife,  it 
is  fufiicient  barely  to  mention  in  this  hiftory.  But  the  greatefl 
obligation  we  have  to  him  is  for  the  conflruCtion  of  a  reflecting 
telefcope. 

To  Dr.  ISAAC  BARROW,  tutor  to  Sir  Ifaac- Newton,  and 
who  greatly  diftinguifhed  himfelf  by  his  fkill  in  geometry,  we 
owe  feveral  optical  invefligations  of  a  mathematical  nature,  and 
fome  new  hints  on  the  fubjeCt  of  vifion.  Mr.  Molyneux,  alfo, 
the  friend  of  Mr.  Locke,  publifhed  a  valuable  treatife  on  Diop¬ 
trics  in  1693  ;  but  the  contents  of  this  work,  as  well  as  thofe  of 
the  greater  part  of  Dr.  Barrow’s,  do  not  come  within  the  fubject 
of  this  hiflory,  being  purely  of  a  mathematical,  and  not  of  a 
philofophical  nature. 
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A  very  great  number  of  articles,  and  fome  of  confiderable 
value,  within  this  period,  were  contributed  by  that  indefatigable 
and  excellent  experimenter  Dr.  HOOKE,  fecretary  to  the  royal 
fociety,  and  who,  for  many  years,  kept  up  the  fpirit  and  credit 
of  that  whole  body.  He  himfelf,  indeed,  fet  much  too  high  a 
value  on  his  obfervations  and  improvements  in  opticks  ;  but  we 
ought  not,  for  that  reafon,  to  neglect  and  undervalue  them.  ' 

The  Italian  philofophers  made  a  principal  figure  in  the  formed 
periods  of  this  hiflory,  and  they  are  not  without  their  fhare  of 
fame  in  this  period.  Among  them  we  find  Father  GRIMALDI, 
the  companion  of  Riccioli,  in  his  aflronomical  labours,  very 
bufy  and  fuccefsful  in  optical  experiments  ;  but  except  what  was 
done  by  him,  the  Italians  contributed  little  to  the  advancement 
of  optical  knowledge  in  this  period,  and  my  reader  will  be  difap- 
pointed  if  he  expedt  to  hear  much  more  from  them. 

Among  the  French  we  find  many  illuflrious  names  within  this 
period,  particularly  that  of  M.  DE  LA  HIRE,  who  took  as 
much  pains  with  the  fubjedl  of  philofophy  in  general,  as  almofl 
any  man  of  his  time.  Thofe  of  his  obfervations  which  relate 
to  the  fubjedl  of  this  part  of  my  work  chiefly  refpedl  the  theory 
of  vifion ;  and  his  Accidens  de  la  vue  will  always  be  confidered  as 
a  valuable  addition  to  the  flock  of  knowledge  upon  that  fubj  edt. 
To  M.  MARRIOTTE,  of  the  fame  country,  notwithflanding 
his  oppofition  to  the  dodtrine  of  Newton,  we  are  indebted  for  a 
curious  difcovery,  which  was  the  occafion  of  fome  very  impor¬ 
tant  circum fiances  relating  to  the  theory  of  vifion  being  well  dif- 
cufled  by  feveral  philofophers  of  his  time ;  among  whom  was  M. 
PE RR AULT,  who  alfo  publifhed  fome  differtations  on  the 
tranfparency  of  bodies,  and  the  caufe  of  reflexion  and  refradtion ; 
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but  they  feem  to  contain  mere  theories,  unfupported  by  experi¬ 
ment,  and  therefore  I  fhall  give  no  particular  account  of  them. 

No  fingle  perfon  took  fo  much  pains  with  the  bufinefs  of  op- 
ticks  within  this  period,  or  was  fo  fuccefsful  in  his  enquiries,  as 
M.  HUYGENS.  He  began  to  compofe  his  treatife  of  Diop¬ 
trics  in  the  early  part  of  his  life,  though  it  was  not  publilhed  till 
after  his  death.  This  treatife  is  fo  excellent,  that  Newton  him- 
felf  always  exprefled  the  greateft  efteem  for  it,  on  account  of  the 
geometrical  method  of  demonftration  obferved  in  it,  fo  like  that 
of  the  ancients,  of  which  he  was  a  great  admirer.  M.  Huygens 
was  alfo  very  afliduous  in  his  endeavours  to  improve  telefcopes, 

as  will  be  feen  in  the  laft  fe&ion  of  this  period  nor  is  all  his 

% 

merit  that  of  a  geometrical  or  practical  optician.  He  took  great 
pains  in  a  new  and  curious  field  of  enquiry  ;  I  mean  in  his  ex¬ 
plication  of  the  phenomena  of  halo’s  and  mock-funs. 

The  celebrated  OTTO  GUERICKE,  will  not  pafs  wholly 
unnoticed  in  this  part  of  my  work,  though  it  is  not  that  in  which 
he  will  make  the  moft  diftinguifhed  figure. 

I  mud:  not  clofe  this  fettion  without  obferving,  that  within 
this  period  Father  CHERUBIN,  the  fame  who  took  fo  much 
pains  with  the  Binocular  telefcope,  abovementioned,  published 
his  Dioptric  Oculaeri ,  and  Vijion  parfaite ,  though  they  do  not 
furnilh  any  materials  for  this  philofophical  hiftory. 
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Observations  and  discoveries  concerning  LIGHT 

•  r 

AND  COLOURS  IN  general. 


TH  E  greateft  difcovery  that  was  made  within  this  period, 
and,  a  priori ,  the  moil  aftonifhing  difcovery  that  has  yet 
been  made,  relating  to  the  general  theory  of  light,  was  finding 
the  velocity  with  which  it  is  tranfmitted.  Nor  was  this  great 
problem  folved  in  confequence  of  any  diredt  attempt  to  do  it ; 
but,  like  moft  other  great  difcoveries,  was  deduced  from  obfer- 
yations  that  were  made  with  other  views.  Indeed,  mankind  had 
no  idea  of  any  velocity  fo  great  as  that  of  light  appears  to  be. 
Ariflotle,  we  have  feen,  concluded,  thatjif  light  was  progreflive  at 
all,  it  could  not  but  be  perceived  in  its  paffage  from  the  eaft  to 
the  weft ;  meaning,  probably,  that  the  progrefs  of  day  light,  a- 
long  the  furface  of  the  earth,  would  have  been  vifible  to  the  eye ; 
and  Galileo,  who  was  the  firft  perfon  that  actually  attempted  to 
meafure  the  velocity  of  light,  after  the  tranfmiffion  of  it  had  for 
ages  been  generally  thought  to  be  inftantaneous,  was  not  with¬ 
out  hopes  of  fucceeding  in  the  method  that  has  been  already  de- 
fcribed,  with  two  men  and  torches. 

Not  difcouraged  by  the  difappointment  of  Galileo,  the  mem¬ 
bers  of  the  academy  Del  Cimento  refumed  his  experiments, 
placing  their  obfervers  two  miles  from  one  another,  which  was 
:  ‘  at  twice 
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at  twice  the  diftance  at  which  Galileo  had  made  the  trial ;  but 
that  velocity  which  could  not  be  meafured  for  the  fpace  of  one 
mile,  was  incapable  of  being  meafured  in  two;  *  and  when  we 
confider  what  the  thing  which  they  attempted  to  meafure  after¬ 
wards  appeared  to  be,  we  are  far  from  being  furprized  at  their 
ill  fuccefs,  and  are  rather  difpofed  to  fmile  at  their  attempts. 

At  length  this  great  difcovery  was  made,  in  confequence  of 
fome  obfervations  of  the  eclipfes  of  Jupiter’s  fatellites,  taken  at 
the  obfervatory  belonging  to  the  royal  academy  of  fciences  at 
Paris,  from  1670  to  1675  ;  but  all  the  conclufion  that  was  at 
firft  drawn  from  them,  was,  that  thofe  fatellites  were  fubjed  to 
a  fpecies  of  irregularity  in  their  revolutions,  which  had  not  been 
noted  before.  The  principal  fad: was,  that  thefirftfatellitefome- 
times  emerged  exadly  at  the  time  calculated  by  the  tables,  and 
fometimes  not ;  in  fo  much  that  the  greateft  variation  was  about 
14  minutes.  The  particular  obfervation  that  ftruck  thefe  philo- 
fophers  the  mod:,  was  the  emerlion  of  this  fatellite  obferved  at 
Paris,  November  9,  1676,  10  minutes  later  than  it  had  been  ob¬ 
ferved  in  the  month  of  Auguft,  when  the  earth  was  much  near¬ 
er  to  Jupiter.'f* 

Meffrs.  Caffini  and  Roemer,  examining  this  circumftance  with 
attention,  both  concluded  that  it  depended  upon  the  diftance  of 
Jupiter  with  refped  to  the  earth  ;  and  that,  in  order  to  account 
for  it,  they  muft  fuppofe  that  the  light  was  about  14  minutes  in 
eroding  the  earth’s  orbit.  Caffini,  whopubliffied  his  firft  thoughts 
on  this  fubjed  in  Auguft  1675,  prefen tly  abandoned  this  hypo¬ 
thecs  ;  but  M.  Roemer  ftrenuouily  maintained  it*  §  M.  Ma- 

*  Mufchenbroeck’s  Tentamina,  part  2,  p.  183.  f  Phil.  Tranf.  ab.  Vol.  1,  p.  409. 

§  Ac.  Par.  1707.  H.  p.  96. 
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raldi  afterwards,  in  a  memoir  prefented  to  the  academy  in  1 707, 
p.  32,  endeavoured  to  Shew,  that  though  the  hypothesis  of  the 
fucceflive  propagation  of  light  would  account  for  the  appearances 
of  the  firft  fatellite  of  Jupiter,  it  did  not  agree  with  that  of  o- 
thers,  or  with  the  eclipfes  of  thofe  of  Saturn.  But  this  opposi¬ 
tion  was  ineffectual.  M.  Roemer  had  already  brought  the  great- 
eft  part  of  aftronomers  to  his  opinion  ;  and  later,  and  more  ac¬ 
curate  obfervations  have  Shewed  it  to  be  perfectly  agreeable  to  all 
celeftial  appearances. 

To  give  an  idea  of  the  nature  of  this  proof  of  the  fucceflive 
propagation  of  light,  letS,  fig.  51,  reprefentthefun,  andj  Jupiter, 
moving  in  his  orbit.  If,  when  the  earth  is  at  /,  an  eclipfe  of 
any  of  the  fatellites  of  Jupiter,  or  any  other  appearance  in  Ju¬ 
piter,  Should  constantly  happen  1 4  minutes  later  than  it  is  obferv- 
ed  to  do  when  the  earth  is  at  T,  it  is  evident  that  the  light,  by 

T 

which  it  is  visible  to  us,  muft  have  fpent  14  minutes  in  pafling 
from  T  to  t ;  which  being  the  whole  diameter  of  the  earth’s  or¬ 
bit,  half  of  that  time,  or  feven  minutes,  muft  be  allowed  for  its 
paffage  from  the  fun  to  us ;  a  velocity  exceeding  any  thing  that 
we  know  in  nature,  for  fince  the  late  traniit  of  Venus,  this  dif- 
tance  is  now  fuppofed  to  exceed  90  millions  of  miles.  * 

The  greateft  part  of  the  obfervations  and  experiments  of  Mr 
Boyle  relate  to  the  fubjeCt  of  this  feCtion,  being  intended  to  dis¬ 
cover  the  firft  principles  and  caufes  of  colours,  and  the  constitu¬ 
tion  of  bodies  on  which  they  depend.  This  inquiry  he  was 
naturally  led  into  by  the  tafte  he  had  for  chymiftry,  in  which 
branch  of  natural  philofophy  experiments  were  firft  made,  and 
about  which  no  perfon  was  even  more  affiduous  than  himfelf. 

*  The  beft  account  we  have  yet  of  the  fun’s  mean  parallax,  from  the  laft  tranfit,  makes  it 
8',  86",  and  confequently  hip  diftance  about  92,000000. 
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A  variety  of  obfervations  led  Mr.  Boyle  to  conclude  that 
diverlity  of  colours  did  not  always  denote  any  great  difference  in 
the  internal  ftrudture  of  bodies ;  yet  he  was  induced  to  think 
that  it  was  often  an  indication  of  confiderahle  alterations  in  the 

.  i 

difpofition  of  their  parts,  as  appears,  he  fays,  from  the  extrac¬ 
tion  of  tinctures,  wherein  the  change  of  colour  is  the  chief,  and 
fometimes  the  only  thing  by  which  the  artift  regulates  his  pro- 
cefs  in  their  preparation.  Inftances  of  this  are  alfo  obvious  in 
feveral  forts  of  fruit,  wherein,  according  as  the  vegetable  fap  is 
ripened,  by  palling  from  one  degree  of  maturation  to  another, 
the  external  part  of  the  fruit  changes  from  one  colour  to  another. 
A  lefs  obvious  inftance  of  this  kind  is  afforded  us,  he  fays,  by  the 
method  of  tempering  fteel  for  gravers,  drills,  fprings,  &c.  which 
is  this.  Firft  the  fteel  to  be  tempered  is  hardened,  by  heating  it 
in  glowing  coals,  and  not  quenched  as  foon  as  taken  from  the 
fire,  but  held  over  a  bafon  of  water,  till  it  pafs  from  a  white 
heat  to  a  red  one,  when  it  is  immediately  quenched  in  cold  water. 
The  fteel  thus  hardened  will,  if  it  be  good,  look  whitifh,  and 
being  brightened  at  the  end,  and  held  in  the  flame  of  a  candle, 
that  the  bright  end  may  lie  about  half  an  inch  diftant  from  the 
flame,  it  will  fwiftly  pafs  from  one  colour  to  another  as  from 
a  bright  yellow  to  a  deeper  and  reddifh  yellow,  from  that  firft  to 
a  fainter,  and  then  to  a  deeper  blue  ;  each  of  which  fucceeding 
colours  argues  fuch  a  change  made  in  the  texture  of  the  fteel, 
that,  if  it  be  taken  from  the  flame,  and  immediately  quenched 
in  tallow,  whilft  it  is  yellow,  it  will  be  of  fuch  an  hardnefs  as 
fits  it  for  drills ;  but  if  kept  for  a  few  minutes  longer  in  the 
flame,  till  it  turns  blue,  it  becomes  much  fofter,  and  proper  to 
make  fprings  for  watches  ;  which  are,  therefore,  commonly  of 
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that  colour.  Laftly,  if  the  Reel  be  kept  in  the  flame  after  the 
deep  blue  has  appeared,  it  will  grow  too  foft  even  for  penknives. 
Any  perfon,  he  fays,  may  eafily  fatisfy  himfelf  with  refpedt  to  the 
different  hardnefs  of  fteel  of  different  colours,  either  by  the  file, 
or  by  breaking  fome  {lender  wires  thus  tempered,  and  obferving 
how  they  vary  in  point  of  brittlenefs.  *  Thefe  colours,  though 
very  vivid,  yet,  he  fays,  if  the  metal  be  broken,  will  appear  to 
be  fuperficial ;  not  only  the  innermoft  parts  of  the  fteel,  but  thofe  . 
within  an  hair’s  breadth  of  its  furface,  having  none  of  thefe 
colours,  ■f* 

Similar  to  thefe  fuperficial  colours  on  fteel,  are  thofe  which 
our  author  obferved  in  melting  a  large  quantity  of  pure  lead  with 
a  ftrong  fire.  For,  pouring  it  immediately  into  a  clean  iron  vef- 
fel,  and  carefully  and  nimbly  taking  off  the  fcum,  he  perceived 
the  fmooth  gloffy  furface  of  the  melted  metal  to  be  adorned  with 
a  very  delightful  colour,  which  almoft  immediately  gave  place  to 
another  vivid  one,  that  was  as  quickly  fucceeded  by  a  third,  and 
again  by  a  fourth.  Thus,  fays  he,  thefe  wonderfully  vivid  colours 
fucceflively  appeared  and  vaniftied,  till  the  metal  began  to  cool, 
when  thofe  colours  which  happened  to  come  up  laft  remained 
upon  it,  but  quite  fuperficial,  like  thofe  on  the  fteel.  However, 
the  fame  colours  did  neither  always,  nor  regularly  fucceed  one 
another,  as  is  ufual  in  fteel ;  but  in  the  following  irregular  order, 
which  paffed  fo  fuddenly,  that  he  was  hardly  able  to  commit  it 
to  paper  blue,  yellow,  purple,  blue,  green,  purple,  blue,  yel¬ 
low,  red,  purple,  blue,  yellow,  and  blue,  yellow,  blue,  purple, 
green,  mixed  yellow,  red,  blue,  green,  yellow,  red,  purple, 
green.  § 

*  Boyle’s  Works  by  Shaw,  Vol.  z,  p.  1.  f  lb.  p.  5.  §  lb.  p.  5. 
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Bodies  of  very  different  kinds  he  found  to  exhibit  the  fame 
colours,  in  certain  circumftances.  Viewing  a  fphere  of  rock 
cryftal,  which  was  fawn  afunder  by  a  lapidary  ;  and  expofing 
the  flat  furfaces  to  the  fun  beams,  the  little  particles,  which,  not- 
withftanding  their  feeming  foothnefs  in  the  fhade,  rendered  their 
furfaces  rough,  fo  refraded  the  light,  as  to  exceed  the  vivid  co¬ 
lours  of  the  rainbow.  He  alfo  obferved  the  fame  colours  on  the 
furface  of  a  fine  grained  touchftone ;  fo  that,  notwithftanding 
the  great  tranfparency  of  the  cryftal,  and  the  great  opacity  of 
the  touchftone,  their  fuperficial  corpufcles  exhibited  the  fame 
vivid  colours.* 

The  difference  between  white  and  black  was,  as  we  have  feen, 
pretty  well  underftood  by  Defcartes ;  but  as  Mr.  Boyle  made  fe- 
veral  obfervations  and  experiments,  which  demonftrate  his  theory 
in  a  very  fatisfadory  manner,  I  think  that  an  account  of  them 
ought  not  to  be  omitted  in  this  place.  Many  learned  men,  he 
obferves,  fuppofed  that  fnow  affeds  the  eyes,  not  by  a  borrowed , 
but  by  a  native  light ;  but  having  placed  a  quantity  of  fnow  in 
a  room,  from  which  all  foreign  light  was  carefully  excluded, 
neither  he  nor  any  other  perfon  could  perceive  it.-f* 

To  try  whether  white  bodies  refled:  more  light  than  others, 
he  held  a  ftieet  of  white  paper  in  a  fun  beam  admitted  into  a 
darkened  room  ;  and  obferved  that  it  refleded  a  far  greater  light 
than  a  paper  of  any  other  colour,  a  confiderable  part  of  the  room 
being  enlightened  by  it. 

Farther,  to  Ihew  that  white  bodies  refled  the  rays  outwards^ 
he  adds,  that  common  burning  glaffes  will  not,  of  a  long  time, 
burn,  or  difcolour  white  paper.  When  he  was  a  boy,  he  fays, 

•  Boyle’s  Works  by  Shaw,  Vol.  2,  p.  6.  f  lb.  p.  29. 
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and  took  great  pleafure  in  making  experiments  with  thefe  glafTes, 
he  was  much  furprifed  at  this  remarkable  circumflance ;  and  it 
fet  him  very  early  upon  guefling  at  the  nature  of  whitenefs,  efpe- 
cially  as  he  obferved  that  the  image  of  the  fun  was  not  fo  well 
defined  upon  white  paper  as  upon  black  one  ;  and  as,  when  he 
put  ink  upon  the  paper,  the  moifture  would  be  quickly  dried 
up,  and  the  paper  which  he  could  not  burn  before,  would  pre- 
fently  take  fire.  He  alfo  found  that  by  expofing  his  hand  to  the 
fun,  with  a  thin  black  glove  upon  it,  it  would  be  fuddenly,  and 
more  confiderably  heated,  than  if  he  held  his  naked  hand  to  the 
rays,  or  put  on  a  glove  of  thin  white  leather.  * 

To  prove  that  black  is  the  reverfe  of  white,  with  refpedt  to 
its  property  of  refledting  the  rays  of  the  fun,  he  procured  a  large 
piece  of  black  marble;  and  having  got  it  ground  into  the  form  of  a 
large  fpherical  concave  fpeculum,  he  found  that  the  image  of 
the  fun  reflected  from  it  was  far  from  offending  or  dazzling  his 
eyes,  as  it  would  have  done  from  another  fpeculum;  and 
though  this  was  large,  he  could  not  in  a  long  time,  fet  a  piece 
of  wood  on  fire  with  it;  though  a  far  lefs  fpeculum,  of  the  fame 
form,  and  of  a  more  refledting  fubftance,  would  prefently  have 
made  it  flame. 

To  fatisfy  himfelf  ftill  farther  with  refpedt  to  this  fubjedt,  he 
took  a  broad  and  large  tile;  and  having  made  one  half  of  its  fur- 
face  white,  and  the  other  black,  he  expofed  it  to  the  fummer 
fun.  And  having  let  it  lie  there  fometime,  he  found  that,  while 
the  whited  part  remained  cool,  the  part  that  was  black  was 
grown  very  hot.  For  his  farther  fatisfadtion,  he  fometimes  left 
part  of  the  tile  of  its  native  red ;  and,  after  expofing  the  whole 

*  Boyle’s  Works  by  Shaw,  p.  59.  f  lb.  p.  34. 
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to  the  fun,  obferved  that  this  part  grew  hotter  than  the  white, 
but  was  not  fo  hot  as  the  black  part.  He  alfo  obferves  that 
rooms  hung  with  black  are  not  only  darker,  than  they  would 
otherwife  be,  but  warmer  too  j  and  he  knew  feveral  perfons, 
who  found  great  inconvenience  from  rooms  hung  with  black. 

As  another  proof  of  his  hypothefis,  he  informs  us  that  a  Virtuofo, 
of  unfufpedted  credit,  acquainted  him,  that,  in  a  hot  climate, 
he  had  feen  eggs  well  roafted  in  a  fhort  time,  by  firft  blacking 
the  {hells,  and  then  expof  ng  them  to  the  fun.  * 

Mr.  Boyle  obferved  a  manifeft  difference  in  fome  kinds  of  co¬ 
loured  bodies  viewed  by  day  light,  and  afterwards  by  the  light 
of  the  moon.  Yellow  paper  appeared  much  fainter  by  moon 
light  than  in  the  day,  inclining  to  a  pale  ftraw  colour.  Red 
paper  was  but  little  changed.  It  only  reflected  the  light  more 
ftrongly  than  the  other  colours.  A  fair  deep  green,  looked 
upon  by  itfelf,  feemed  to  be  of  a  dark  blue ;  but  viewed  together 
with  a  dark  blue  appeared  greenilh,  and  compared  with  yellow 
appeared  more  blue  than  at  firft.  The  blue  looked  more  like  a 
deep  purple  than  it  had  done  in  the  day  light.  The  purple 
feemed  very  little  altered.  Laftly,  the  red,  compared  with  the 
yellow,  made  the  latter  appear  almoft  like  brown  cap  paper,  •f* 

An  obfervation  of  M.  Homberg,  concerning  the  intenfity  of 
different  kinds  of  light,  whereby  fome  more  eafily  pervade  fe- 
mi-tranfparent  fubftances  than  others,  is  worth  mentioning. 
He  fhut  himfelf  up  in  a  room,  into  which  no  light  could  be  ad¬ 
mitted,  but  through  one  aperture,  which  was  clofed  with  a 
piece  of  glafs,  at  firft  quite  rough,  and  nearly  opaque,  through 
which  he  could  perceive  the  general  fhape  of  objedts,  but  not  . 

f  Boyle’s  Works,  p.  36.  +  lb.  p.  58. 
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their  particular  colours ;  but  polifhing  the  furface  of  this  piece 
of  glafs  by  degrees  he  was  firft  able  to  fee  white  objedts  through 
it.  Polifhing  it  a  little  more,  he  could  diftinguifh  thofe  that 
were  yellow,  then  thofe  that  were  green ,  red,  and  blue,  in  the 
order  here  mentioned,  and  laftly  thofe  that  were  black .  It  is 
rather  probable  that  thefe  obfervations  were  not  very  accurately 
made ;  or  I  fhould  think  that  red  would  have  been  perceived 
before  green.  However,  according  to  the  obfervations  of  New¬ 
ton  and  others,  yellow,  or  rather  orange,  is  more  offenfive  to 
the  eye  than  red,  and  may  therefore  have  been  vifible  be¬ 
fore  it.* 

We  fhall  be  difappointedif  we  expedt  more  confiftent,  or  better 
founded  fyftems,  concerning  the  nature  of  colour,  in  this  period, 
than  in  the  laft.  The  moil  extravagant  opinion  that  was,  per¬ 
haps,  ever  formed  upon  this  fubjedt,  was  that  of  Dr.  Hooke. 
For,  whereas  before  this  period,  it  had  generally  been  fuppofed 
that  there  are  three  primary  colours,  he  maintained  that  there 
are  but  two,  blue  and  red,  and  that  all  the  reft  are  compofed 
of  them.  Blue,  fays  he,  is  an  impreffion  on  the  retina  of  an  ob-. 
lique  and  confufed  pulfe  of  light,  whofe  weaker  part  precedes, 
and  whofe  ftronger  follows  ;  and  red  is  an  impreffion  on  the  re¬ 
tina,  of  an  oblique  and  confufed  pulfe  of  light,  whofe  ftronger 
part  goes  before,  and  whofe  weaker  part  follows.*!' 

The  fantafm  of  colour.  Dr.  Hooke  fays,  is  caufed  by  the  fen- 
fation  of  the  oblique,  or  uneven  pulfe  of  light,  which  is  capa¬ 
ble  of  no  more  varieties  than  two,  which  arife  from  the  two 
tides  of  the  oblique  pulfe,  though  they  be  capable  of  in¬ 
finite  gradations  s  each  of  them  beginning  from  white  and  end- 
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ing,  one  of  them  in  the  deepefl  fcarlet  or  yellow,  and  the  other 
in  the  deeped;  blue.  * 

Imagining  that  blue  and  red  contained  the  principles  of  all 
the  other  colours,  he  thought  to  have  verified  this  hypothecs 
by  experiment ;  and,  for  this  purpofe,  he  filled  one  prifmatic 
glafs  veffel  with  a  deep  tindure  of  copper,  which  gave  a 
beautiful  blue,  and  another  with  a  deep  tindure  of  aloes,  which 
exhibited  a  beautiful  red.  Now  fince,  at  the  edges  of  thefe 
prifms,  the  colours  were  fainter,  and  where  there  was  a  greater 
quantity  of  the  fluid,  the  colour  was  deeper,  he  thought  to  have 
produced  from  them  all  the  variety  of  colours  imaginable,  by 
placing  the  two  fides  together  and  the  edges  contrary  ways,  and 
looking  through  them  in  different  places.  But  though  he  did 
not  meet  with  what  he  was  looking  for,  he  fays  he  found  fome- 
thing  more  admirable  ;  which  was  that  he  could  not  fee  through 
them  at  all,  when  they,  were  both  placed  together;  though  fe- 
parately  they  were  fufliciently  tranfparent,  and  he  could  fee 
through  twice  the  thicknefs  of  either  of  them.'f*  This  experi¬ 
ment  was  afterwards  explained  by  Sir  Ifaac  Newton,  who  ob- 
ferves,  that  one  kind  of  tays  being  flopped  by  the  red  liquor, 
and  the  other  by  the  blue,  none  were  tranfmitted  through  both. 

M.  De  la  Hire,  whofe  miflakes  did  not  arife  from  want  of 
attention  to  the  fubjed,  makes  all  difference  of  colour  to  depend 
upon  the  degree  in  which  the  light  (by  which,  no  doubt,  he 
meant  the  fame  light)  agitates  or  affeds  the  optic  nerve;  and 
that  whatever  tends  to  weaken  this  impreflion  makes  a  change  in 
the  colour.  Thus,  he  fays,  that  the  red  blood  appears  blue,  on 
account  of  the  interpofition  of  the  fkin,  and  that  the  air,  which 

*  Micrographia,  p.  67.  f  lb.  p.  74. 
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is  made  white  by  the  rays  of  the  fun,  appears  blue  on  account 
of  the  black  ground  of  the  unenlightened  fpace  beyond  it.  He 
alfo  makes  other  obfervations  on  the  fubjedt  as  trifling  as  thefe , 
and  yet  the  paper  which  contains  them  was  written  a  confiderable 
time  after  Newton’s  hypothefis,  of  the  different  colours  depend¬ 
ing  upon  the  different  refrangibility  of  the  rays  of  light,  had 
been  publifhed,  and  had  engaged  a  general  attention.  * 


SECTION  II. 


Experiments  and  observations  relating  to  the 

REFLEXION  of  light. 

I  SHALL  introduce  this  fedtion,  which  is  appropriated  to  ob¬ 
fervations  on  the  reflexion  of  light,  with  an  account  of  fome 
experiments  made  by  the  members  of  the  academy  del  Cimento, 
intended  to  verify,  or  refute  an  odd  opinion  of  Kepler,  viz. 
that  lenfes  form  images  of  bodies  by  means  of  the  air,  which, 
adhering  to  the  furface  of  the  glafs,  is  of  the  fame  ufe  in  refledt- 
ing  the  light,  as  a  piece  of  leaf  tin.  To  try  this,  they  cement¬ 
ed  a  lens  to  the  mouth  of  a  glafs  veffel,  which  ended  in  a  tube, 
the  length  of  a  barometer ;  and  having  filled  it  with  mercury, 
and  inverted  it  (which  was  the  only  method  they  then  had  of 
making  a  vacuum)  they  obferved  that,  when  this  apparatus  was 

*  Ac.  Par,  1 71 1.  M.  100. 
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placed  in  a  darkened  room,  the  image  of  a  candle,  formed  by 
rays  tranfmitted  through  the  lens,  was  the  fame  when  there  was 
no  air  contiguous  to  the  lens,  as  when  there  was.  Left  there 
fhould  be  any  objection  to  the  accuracy  of  their  experiment,  from 
particles  of  mercury,  adhering  to  the  glafs,  they  introduced  a 
quantity  of  fpirit  of  wine  through  the  quickfilver,  that  it  might 
lie  next  the  glafs,  in  order  to  wafh  it,  and,  by  its  quick  evapora¬ 
tion  to  wipe  it,  as  it  were.  * 

To  this  fedtion  belongs  the  account  of  the  remarkable  proper¬ 
ties  of  the  infufion  of  lignum  nephriticum ,  with  refpecft  to  light 
tranfmitted  through  it,  or  reflected  by  it ;  the  capital  fadis  concern¬ 
ing  which  were  fully  afcertained  by  Mr.  Boyle,  though  fomething 
extraordinary  had  been  obferved  in  it  by  Kircher,  in  the  pre¬ 
ceding  period.  He  defcribes  this  lignum  nephriticum  to  be  a 
whitifh  kind  of  wood,  that  was  brought  from  Mexico,  which 
the  natives  call  coatl  or  tlapaxatli ,  and  which  had  been  thought 
to  tinge  water  of  a  green  colour  only  ;  but  he  fays  that  he  found 
it  to  communicate  all  kinds  of  colours.  If,  fays  he,  an  infufion 
of  this  wood  be  put  into  a  glafs  globe,  and  expofed  to  a  ftrong 
light,  it  will  be  as  colourlefs  as  pure  water  ;  but  if  it' be  carried 
into  a  place  a  little  fhaded,  it  will  be  a  moft  beautiful  green.  In 
a  place  ftill  more  fhaded  it  will  incline  to  red,  and  in  a  very 
fliady  place,  or  in  an  opaque  veffel,  it  will  be  green  again,  -f- 
A  cup  of  this  remarkable  wood  was  fent  to  Kircher  by  the 
procurator  of  his  fociety  at  Mexico,  and  was  prefented  by  him  to 
the  Emperor,  as  a  great  curiofity.  It  is  called  lignum  nephriticum , 
becaufe  the  infufion  of  it  was  imagined  to  be  of  fervice  in  difeafes 
of  the  kidneys  and  bladder,  and  the  natives  of  the  country  where 
it  grows  do  made  ufe  of  it  for  that  purpofe. 

*  Mufchenbioeck’s  Tentamina,  p.  66.  f  Phyfiologia,  p.  57. 
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The  changeablenefs  in  colour  of  this  infufion,  our  philofopher 
acknowledges,  puzzled  him  exceedingly  at  firft ;  as  he  did  not 
know  whether,  according  to  the  fyftem  then  in  vogue,  thofe  co¬ 
lours  were  real ,  exiting  in  the  wood,  or  only  apparent ,  arifing 
from  the  light  varioufly  affedted.  At  length,  however,  he  fays, 
that  he  found  the  caufe  of  this  appearance,  and  promifes  to  ex¬ 
plain  it  elfewhere  ;  but,  as  far  as  I  can  find,  without  ever  mak¬ 
ing  good  his  promife.-f* 

Mr.  Boyle  corrected  feveral  of  the  hafty  obfervations  of  Kir- 
cher  concerning  the  colours  that  appear  in  the  infufion  of  lignum 
nephriticum,  and  he  diverfified  the  experiments  with  it  in  a  very 
pleafing  manner.  Several  of  his  obfervations  are  fo  curious,  that 
I  cannot  help  reciting  them,  though  I  am  fenfible  they  will  car¬ 
ry  me  farther  than  I  am  under  neceflity  of  going  within  the 
bounds  of  chymiftry. 

He  firft  diftindtly  noted  the  two  very  different  colours  which 
this  remarkable  tindture  exhibits,  by  tranfmitted  and  reflected 
light.  If,  fays  he,  it  be  held  diredtly  between  the  light  and  the 
eye,  it  will  appear  tinged  (excepting  the  very  top  of  it,  where  a 
Iky  coloured  circle  fometimes  appears)  almoft  of  a  golden  colour, 
except  the  infufion  be  too  flrong,  in  which  cafe  it  will  be  dark  or 
reddifh,  and  requires  to  be  diluted  with  water.  But  if  it  be 
held  from  the  light,  fo  that  the  eye  be  between  the  light  and  the 
phial,  it  will  appear  of  a  deep  lovely  blue  colour,  as  will  alfo  the 
drops,  if  any  lie  on  the  outfide  of  the  glafs. 

When  a  little  of  this  tindture  was  poured  upon  a  fheet  of  white 
paper,  and  placed  in  a  window,  where  the  fun  could  fhine  up¬ 
on  it,  he  obferved  that,  if  he  turned  his  back  upon  the  fun,  the 
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fhadow  of  his  pen,  or  any  fuch  flender  fubftance,  projected  upon 
the  liquor,  would  not  be  all  dark,  like  other  fhadows  ;  but  that 
part  of  it  would  be  curioufly  coloured,  the  edge  of  it  next  the 
body  being  almoft  of  a  lively  golden  colour,  and  the  more  re¬ 
mote  part  blue.  Thefe,  and  other  experiments,  of  a  fimilar  na¬ 
ture,  many  of  his  friends,  he  fays,  beheld  with  wonder  ;  and  he 
remembered  an  excellent  occulift,  who  accidentally  meeting  with 
a  phial  full  of  this  liquor,  and  being  unacquainted  with  this  re¬ 
markable  property  of  it,  imagined,  after  he  had  viewed  it  a  long 
time,  that  fome  new  and  Arrange  diftemper  had  feized  his  eyes  ; 
and  Mr.  Boyle  himfelf  acknowledges,  that  the  oddnefs  of  the 
phenomena  made  him  very  delirous  to  find  out  the  caufe  of  it ; 
and  his  inquires  were  not  altogether  unfuccefsful. 

Obferving  that  this  tincture,  if  it  were  too  deep,  was  not  ting¬ 
ed  in  fo  beautiful  a  manner,  and  that  the  impregnating  virtue  of 
the  wood  did,  by  being  frequently  infufed  in  frelh  water,  gra¬ 
dually  decay,  he  conjectured  that  the  tindlure  contained  much  of 
the  efiential  fait  of  the  wood  and  to  try  whether  the  fubtle 
parts,  on  which  the  colour  depended,  were  volatile  enough  to  be 
diftilled,  without  diflolving  their  texture,  he  applied  fome  of 
it  to  the  gentle  heat  of  a  lamp  furnace ;  but  he  found  all  that 
came  over  was  as  limpid  and  colourlefs  as  rock  water,  while  that 
which  remained  behind  was  of  fo  deep  a  blue,  that  it  was  only  in 
a  very  ftrong  light  that  it  appeared  of  any  colour. 

SufpeCting  that  the  tinging  particles  abounded  with  falts, 
whofe  texture,  and  the  colour  thence  arifing  would  probably 
be  altered  by  acids,  he  poured  into  a  fmall  quantity  of  it  a  very 
little  fpirit  of  vinegar,  and  found  that  the  blue  colour  im¬ 
mediately  vanilhed,  while  the  golden  one  remained,  on  which 
ever  fide  it  was  viewed  with  refpectto  the  light.  ^ 
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Upon  this  he  imagined  that  as  the  acid  falts  of  the  vinegar, 
had  been  able  to  deprive  the  liquor  of  its  blue  colour,  a  fulphu- 
reous  fait,  which  is  of  a  contrary  nature,  would  delfroy  their 
effedts ;  and  having  placed  himfelf  betwixt  the  window  and  the 
phial,  and  let  fall  into  the  fame  liquor  a  few  drops  of  oil  of 
tartar  per  deliquium ,  he  found  that  it  was  immediately  reftored 
to  its  former  blue  colour,  and  exhibited  all  the  fame  phenomena 
which  it  had  done  at  the  firft.  * 

Having  fometimes  brought  a  round  long  necked  phial,  filled 
with  this  tindture,  into  a  darkened  room,  into  which  a  beam  of 
the  fun  was  admitted,  by  a  fmall  aperture  ;  and  holding  the 
phial  fometimes  near  the  fun  beams,  and  fometimes  partly  in 
them  and  partly  out  of  them,  changing  alfo  the  pofition  of  the 
glafs,  and  viewing  it  from  feveral  parts  of  the  room,  it  ex¬ 
hibited  a  much  greater  variety  of  colours  than  it  did  in  an 
enlightened  room.  Befides  the  ufual  colours,  it  was  red  in 
fome  places,  and  green  in  others,  and  within  were  intermediate 
colours  produced  by  the  different  degrees  and  odd  mixtures  of 
light  and  fhade.'f* 

It  was  not  only  in  this  tindture  of  lignum  nephriticum  that 
Mr.  Boyle  obferved  the  difference  between  reflected  and  tranf- 
mitted  light.  He  obferved  it  even  in  gold,  though  no  perfon 
explained  the  caufe  of  thefe  effedts  before  Sir  Ifaac  Newton. 
He  took  a  piece  of  leaf  gold,  and  holding  it  betwixt  his  eye  and 
the  light,  obferved  that  it  did  not  appear  of  a  golden  colour,  but 
of  a  greenifh  blue.  He  alfo  obferved  the  fame  change  of  colour 
by  candle  light ;  but  the  experiment  did  not  fucceed  with  a  leaf 
of  filver.  § 

*  - 
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The  principal  phenomena  of  this  infufion  of  lignum  nephriti- 
cum  are  eafily  explained  on  the  Newtonian  doctrine  of  the  dif¬ 
ferent  refrangibility  and  reflexibility  of  the  rays  of  light,  and  the 
difpofition  of  particular  bodies  to  reflect  fome  kinds  of  rays  and 
tranfmit  others ;  fo  that  if  the  reflected  light  fall  upon  the  eye, 
they  ftiall  appear  to  be  of  one  colour,  when  by  the  tranfmitted 
light  they  appear  to  be  of  another.  The  conftitution  of  the  at- 
mofphere  and  of  the  fea,  we  fhall  find,  by  obfervations  made  in 
later  periods,  to  be  fimilar  to  that  of  this  infufion  ;  for  the  blue 
rays,  and  others  of  a  faint  colour,  do  not  penetrate  fo  far  into 
them  as  the  red,  and  others  of  a  ftronger  colour ;  but  what  this 
conftitution  is,  which  is  common  to  them  all,  deferves  to  be 
inquired  into.  For  almoft  all  other  tin&ures,  and  this  of  lig¬ 
num  nephriticum  too,  after  fome  change  made  in  it  by  Mr. 
Boyle,  as  well  as  all  other  femi-tranfparent  coloured  fubftances, 
as  glafs,  appear  of  the  fame  hue  in  all  pofitions  of  the  eye.  To 
increafe  or  diminifti  the  quantity  makes  no  difference,  but  to 
make  the  colour  deeper  or  more  dilute. 

The  firft  diftinft  account  of  the  colours  exhibited  by  thin 
plates,  of  various  fubftances,  I  have  met  with  among  the  ob¬ 
fervations  of  Mr.  Boyle.  To  fhew  the  chymifts  that  colours 
may  be  made  to  appear  or  vanifti,  where  there  is  no  acceflion 
or  change  either  of  the  fulphureous,  the  faline,  or  the  mercu¬ 
rial  principle  of  bodies,  he  obferves  that  all  chymical  effential 
oils,  as  alfo  good  fpirit  of  wine,  being  fliaken,  till  they  rife  in 
bubbles,  appear  of  various  colours ;  which  immediately  vanifti 
when  the  bubbles  burft,  fo  that  a  colourlefs  liquor  may  be  im¬ 
mediately  made  to  exhibit  a  variety  of  colours,  and  lofe  them  in 
a  moment,  without  any  change  in  its  effential  principles.  He 
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then  mentions  the  colours  that  appear  in  bubbles  of  foap  and 
water,  and  alfo  in  turpentine.  He  fometimes  got  glafs  blown 
fo  thin  as  to  exhibit  fimilar  colours,  and  obferves  that  a  feather, 
of  a  proper  fhape  and  fize,  and  alfo  a  black  ribbon,  held  at  a  pro¬ 
per  diftance,  between  his  eye  and  the  fun,  fhewed  a  variety  of 
little  rainbows,  as  he  calls  them,  with  very  vivid  colours,  none 

of  which  were  conftantly  to  be  feen  in  the  fame  objects.  * 

•  * 

Much  more  pains  were  taken  with  this  fubjeCt,  and  a  much 
greater  number  of  obfervations  refpe&ing  it  were  made  by  Dr. 
Hooke.  As  he  loved  to  give  furprize  by  his  difcoveries,  he  pro- 
mifed,  at  a  meeting  of  the  fociety  on  the  7th  of  March  1 672,  to  ex¬ 
hibit,  at  their  next  meeting,  fomething  which  had  neither  reflexi¬ 
on  nor  refraction,  and  yet  was  diaphanous.  '  Accordingly,  at  the 
time  appointed,  he  produced  the  famous  coloured  bubble  of  foap 
and  water,  of  which  fuch  admirable  ufe  was  afterwards  made 
by  Sirdfaac  Newton,  but  which  Dr.  Hooke  and  his  cotempo¬ 
raries  feem  to  have  overlooked  in  Mr.  Boyle’s  treatife  on  colours, 
though  it  was  publifhed  nine  years  before.  It  is  no  wonder  that 
fo  curious  an  appearance  excited  the  attention  of  that  inquifltive 
body,  and  that  they  fliould  defire  him  to  bring  an  account  of  it 
in  writing  at  their  next  meeting.  This  he  accordingly  did,  and, 
in  order  that  my  reader  may  compare  this  firfl  account  of  it  with 
the  more  accurate  defcription  that  he  will  hereafter  meet  with 
from  Sir  Ifaac  Newton,  I  fhall  here  introduce  it. 

By  the  help  of  a  fmall  glafs  pipe  there  were  blown  feveral 
fmall  bubbles,  out  of  a  mixture  of  foap  and  water  ^  where  it 
was  obfervable,  that,  at  firfl:,  they  appeared  white  and  clear ; 
but  that,  after  fome  time,  the  film  of  water  growing  thinner, 
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there  appeared  upon  it  all  the  colours  of  the  rainbow.  Firfl:  a 
pale  yellow,  then  orange,  red,  purple,  blue,  green,  &c.  with 
the  fame  feries  of  colours  repeated in  which  it  was  farther 
obfervable,  that  the  firfl:  and  laft  feries  were  very  faint, 
and  that  the  middlemoft  order  or  feries  was  very  bright.  After 
thefe  colours  had  paflfed  over  the  changes  above  mentioned,  the 
film  of  the  bubble  began  to  appear  white  again,  and  prefently, 
in  feveral  parts  of  this  fecond  white  film,  there  appeared  feveral 
holes;  which  by  degrees  grew  very  big,  feveral  of  them  running 
into  one  another.  After  reciting  other  obfervations,  which  are 
not  of  much  confequence,  he  fays  it  is  ftrange,  that  though  both 
the  encompajjing  and  enccmpaffed  air  have  furfaces,  yet  he  could 
not  obferve  that  they  afforded  either  reflexion  or  refraction, 
which  all  the  other  parts  of  the  encompaffed  air  did.  This  ex¬ 
periment,  he  fays,  at  firfl  fight,  may  appear  very  trivial,  yet* 
as  to  the  finding  out  the  nature  and  caufe  of  reflexion,  refrac¬ 
tion,  colours,  congruity  and  incongruity,  and  feveral  other  pro¬ 
perties  of  bodies,  he  looked  upondt  as,  one  of  the  moft  inftrudtive. 
And  he  promifed  to  confider  it  more  afterwards,  *  but  I  do  not 
find  that  he  ever  did ;  nor  indeed  is  it  to  be  much,  regretted,  as 
we  fhall  foon  find  this  bufinefs  in  better  hands.  He  adds,  that 
that  which  gives  one  colour  by  reflexion,  gives  another  by  tr ejec¬ 
tion  not  much  unlike  the  tin&ure  of  lignum  nephriticum,  and  he 
promifes  an  explication  of  thefe  phenomina,  but  without  ful¬ 
filling  his  promife ;  which,  for  the  reafon  given  above,  it  is  pro¬ 
bable  we  have  not  much  reafon  to  regret,  *f* 

Dr.  Hooke  was  the  firfl;  to  obferve,  if  not  to  deferibe  the  beau¬ 
tiful  colours  that  appear  in  thin  plates  of  mufeovy  glafs.  Thefe, 
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he  fays,  are  very  beautiful  to  the  naked  eye,  but  much  more 
when  they  are  viewed  with  a  microfcope.  With  this  inftxument 
he  could  perceive  that  thefe  colours  were  ranged  in  rings  fur¬ 
rounding  the  white  fpecks,  or  flaws,  in  this  thin  fubftance, 
that  the  order  of  the  colours  was  the  very  fame  as  in  the  rain¬ 
bow,  and  that  they  were  often  repeated  ten  times.  But  the  colours, 
he  fays,  were  difpofed  as  in  the  outer  bow,  and  not  the  inner. 
Some  of  them,  alfo,  were  much  brighter  than  others,  and  fome 
of  them  very  much  broader.  He  alfo  obferved  that,  if  there  was 
a  place  where  the  colours  were  very  broad,  and  confpicuous  to 
the  naked  eye,  they  might  be  made,  by  prefling  the  place  with 
the  finger,  to  change  places,  and  move  from  one  part  to  another. 
Laftly,  he  obferved  that,  if  great  care  be  ufed,  this  fubftance  may 
be  fplit  into  plates  of  t  or  i  of  an  inch  in  diameter,  each  of 
which  will  appear,  through  a  microfcope,  to  be  uniformly  a- 
dorned  with  fome  one  vivid  colour,  and  that  thefe  plates  will  be 
found  upon  examination  to  be  of  the  fame  thicknefs  throughout.* 
As  a  fadt  iimilar  to  this,  but  obferved  previous  to  it,  I  fhall 
here  mention  that  Lord  Brereton,  at  a  meeting  of  the  royal  fo- 
ciety  in  1666,  produced  fome  pieces  of  glafs  taken  out  of  a  win¬ 
dow  of  a  church,  both  on  the  north  and  on  the  fouth  fide  of  it ; 
obferving,  that  they  were  all  eaten  in  by  the  air,  but  that  the 
piece  taken  from  the  fouth  fide  had  fome  colours,  like  thofe  of  the 
rainbow  upon  it  5  which  the  others,  on  the  north  fide,  had  not.-)- 
This  phenomena  has  been  frequently  obferved  fince,  and  in  other 
circumftances.  It  is  not  to  be  doubted,  but  that  in  all  thefe  cafes, 
the  glafs  is  divided  into  thin  plates,  which  exhibit  colours,  upon 
the  fame  principle  with  thofe  which  Dr.  Hooke  obferved  in  the 
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babble  of  foap  and  water,  and  in  the  thin  plate  of  air,  which  we 
Ihall  find  more  fully  explained  by  Sir  Ifaac  Newton.  With  care 
the  thin  plates  of  the  glafs  may  be  feparated,  and  the  theory 
verified. 

Among  fome  of  the  experiments  which  Dr.  Hooke  rehearfed 
before  the  royal  fociety,  in  order  to  refute  Newton’s  theory  of 
colours,  which  had  juft  then  been  communicated  to  them,  there 
is  one  which  I  muft  not  omit  to  recite  in  this  place.  Dr.  Hooke 
having,  at  leaft,  an  equal  right  to  the  honour  of  the  firft  obfer- 
vation  with  that  more  celebrated  philofopher,  though  he  did  not 
make  the  fame  ufe  of  it.  It  refpedts  the  colours  that  are  exhi¬ 
bited  by  a  plate  of  air,  and,  like  the  preceding  articles,  may 
give  my  readers  an  opportunity  of  comparing  the  earlier  and  more 
rude,  with  the  later  and  more  accurate  obfervations  of  the  fame 
remarkable  phenomenon. 

He  took  two  thin  pieces  of  glafs,  ground  plane  and  polifhed, 

and  putting  them  one  upon  another,  he  prefled  them  till  there 

began  to  appear  a  red  coloured  Ipot  in  the  middle  ;  and  prefiing 

them  clbfer,  he  obferved  feveral  rings  of  colours  encompafiing 

the  firft  place,  till,  at  laft,  all  the  colours  difappeared  out  of  the 

middle  of  the  circles,  and  the  central  fpot  appeared  white ;  and 

yet,  when  he  continued  to  prefs  the  plates  together,  the  white 

would,  in  feveral  places,  turn  to  black.  The  firft  colour  that 

♦ 

appeared  was  red,  then  yellow,  then  green,  then  blue,  then  pur¬ 
ple,  then  red  again ;  yellow,  green,  blue,  and  purple ;  and  again 
in  the  fame  order,  fo  that  he  fometimes  counted  9  or  10  of  thefe 
circles,  the  red  immediately  next  to  the  purple  ;  and  the  laft  co¬ 
lour  that  appeared  before  the  white  was  blue ;  fo  that  it  began 
with  red,  and  ended  with  purple.  Thefe  rings,  he  fays,  would 
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change  their  places,  by  changing  the  pofition  of  the  eye,  fo  that, 
the  glafles  remaining  the  fame,  that  part,  which  was  red  in  one 
pofition  of  the  eye,  was  blue  in  a  fecond,  green  in  a  third,  &c.  * 
I  fhall  clofe  this  fedtion  with  mentioning  an  obfervation  made 
by  Otto  Guericke,  by  which  he  well  explains  the  reafon  why 
ftars  are  vifible  at  the  bottom  of  a  deep  well.  It  is,  fays  he,  be- 
caufe  the  light  that  proceeds  from  them  is  not  overpowered  by 
the  rays  of  the  fun,  which  are  loft  in  the  number  of  reflexions 
which  they  muft  undergo  in  the  pit,  fo  that  they  can  never 
reach  the  eye  of  a  fpedtator  at  the  bottom  of  it.  § 


SECTION  III. 


Observations  relating  to  the  REFRACTION 

OF  LIGHT. 

IN  this  period  we  find  feveral  members  of  the  royal  fociety  bufy 
in  making  experiments  on  the  refradtive  powers  of  different 
mediums,  but  they  did  fo  little,  that  it  is  hardly  worth  reciting. 
At  a  meeting  of  the  fociety  Auguft  31,  1664,  an  experiment  for 
meafuring  the  refradtion  of  common  water  was  made  with  a  new 
inftrument,  which  they  had  prepared  for  that  purpofe,  and  the 
angle  of  incidence  being  40  degrees  the  angle  of  refradtion 
was  30. •f* 

*  Birch’s  hiftory,  Vol.  3,  p.  54.  §  Experimenta  Magdeburgica,  p.  141.  f  Birch’s 

hiftory,  p.  463. 
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About  this  time  it  is  that  I  find  the  firft  mention  of  mediums 
not  refracting  the  light  in  an  exaCt  proportion  to  their  denfities* 
For  Mr.  Boyle,  in  a  letter  to  Mr.  Oldenburgh,  dated  Novem¬ 
ber  3,  1664,  obferves  that,  in  fpirit  of  wine,  the  proportion  of 
the  fines  of  the  angles  of  incidence,  to  the  fines  of  the  angles  of 
refraCtion  were  nearly  the  fame;  viz.  as  4  to  3,  and  that  as  fpi¬ 
rit  of  wine  occafions  a  greater  refraction  than  common  water,  fo 
oil  of  turpentine,  which  is  lighter  than  fpirit  of  wine,  produces 
not  only  a  greater  refraction  than  common  water,  but  a  much 
greater  than  fait  water.  *  And  at  a  meeting  held  November  9, 
the  fame  year,  Dr.  Hooke,  who  had  been  ordered  to  profecute 
the  experiment,  brought  in  an  account  of  one  that  he  had  made 
with  pure  and  clear  fallad  oil,  which  was  found  to  have  pro¬ 
duced  a  much  greater  refraCtion  than  any  liquor  which  he  had  then 
tried;  the  angle  of  refraCtion  that  anfwered  to  an  angle  of  inci¬ 
dence  of  30°  being  found  no  lefs  than  40°,  30',  and  the  angle 
of  refraCtion  that  anfwered  to  an  angle  of  incidence  of  20 0  being 
290,  47'.+ 

M.  De  la  Hire,  alfo,  made  feveral  experiments  to  afcertain  the 
refraCtive  power  of  oil  with  refpeCt  to  that  of  water  and  air,  and 
found  the  fine  of  the  angle  of  incidence  to  that  of  refraCtion  to 
be  as  60  to  42,  which  he  obferves  is  a  little  nearer  to  that  of 
glafs  than  to  that  of  water,  though  oil  is  much  lighter  than 
water,  and  glafs  much  heavier.  § 

The  members  of  the  royal  fociety,  finding  that  the  refraCtion 
of  fait  water  exceeded  that  of  frelh,  purfued  the  experiment 
a  little  farther,  with  folutions  of  vitriol,  fait  petre,  and  alum  in 
water ;  when  they  found  the  refraCtion  of  the  folution  of  vitriol 

*  Birch’s  hiltory,  Vol.  i,p.  480.  f  lb.  p.  483.  §  Memoires  Anciennes,  Vol.  9,  p.  382. 

and: 
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and  fait  petre  a  little  more,  but  that  of  alum,  a  little  lefs  than 
common  water.  * 

Dr.  Hooke  made  an  experiment  before  the  royal  fociety,  Fe¬ 
bruary  n,  1663,  which  clearly  proves  that  ice  refradts  the  light 
lefs  than  water,  which  he  took  to  be  a  good  argument,  that  the 
lightnefs  of  ice,  which  caufes  it  to  fwim  in  water,  is  not  caufed 
only  by  the  fmall  bubbles  which  are  vifible  in  it ;  but  that  it 
arifes  from  the  uniform  conftitution,  or  general  texture  of  the 
whole  mafs.-f*  M.  De  la  Hire  alfo  took  a  good  deal  of  pains  to 
determine  whether,  as  was  then  the  common  opinion,  the  re- 
fradtive  power  of  ice  and  water  were  the  fame,  and  he  found, 

as  Dr.  Hooke  had  done  before,  that  ice  refradts  lefs  than 
water.  § 

By  a  mod;  accurate  and  elaborate  experiment,  made  in  the 
year  1698,  in  which  a  ray  of  light  was  tranfmitted  through  a 
Torricellian  vaccuum,  Mr.  Lowthorp  found  that  the  refradtive 
power  of  air  is  to  that  of  water  as  36  to  34400.  He  concludes 
his  account  of  the  experiment  with  obferving,  that  the  refradtive 
power  of  bodies  is  not  proportioned  to  the  denfity,  at  lead:  not 
to  the  gravity  of  the  refradting  medium.  For  the  refradtive 
power  of  glafs  to  that  of  water,  is  as  55  to  34,  whereas  its  gra¬ 
vity  is  as  87  to  34;  that  is  the  fquares  of  their  refradtive  powers 
are  (very  nearly)  as  their  refpedtive  gravities.  And  there  are 
fome  fluids,  which,  though  they  are  lighter  than  water,  yet  have 
a  greater  power  of  refradtion.  Thus  the  refradtive  power  of  fpirit 
of  wine,  according  to  Dr.  Hooke’s  experiment,  is  to  that  of  wa¬ 
ter  as  36  to  33,  and  its  gravity  reciprocally  as  33  to  36,  or  36 i. 

•  Birch’s  hiftory,  Vol.  1,  p.  501.  f  Hooke’s  experiments  by  Derham,  p.  26, 

§  Ac.  Par.  1693,  Mem.  p.  25. 
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But  the  refra&ive  powers  of  air  and  water  feem  to  obferve  the 
fimple  proportion  of  their  gravities  direCtly.  And  if  this  ffiould 
be  confirmed  by  fucceeding  experiments,  it  is  probable,  he  fays, 
that  the  refractive  powers  of  the  atmofphere  are  every  where, 
and  at  all  heights  above  the  earth,  proportioned  to  its  denfity 

and  expanfion;  and  then  it  would  be  no  difficult  matter  to  trace 

♦  • 

the  light  through  it,  fo  as  to  terminate  the  ffiadow  of  the  earth  ; 
and,  together  with  proper  expedients  for  meafuring  the  quantity 
of  light  illuminating  an  opaque  body,  to  examine  at  what  dis¬ 
tances  the  moon  mud  be  from  the  earth  to  fuffer  eclipfes  of  the 
obferved  durations.  Some  farther  account  of  the  refraction  of 
the  atmofphere  written  by  Mr.  Lowthorp,  may  be  feen  in  Dr, 
Hooke’s  experiments  publiffied  by  Derham,  p.  338. 

Caffini  the  younger,  happened  to  be  prefent  when  Mr.  Low¬ 
thorp  made  the  above-mentioned  experiment  before  the  royal  fo- 
ciety,  and  upon  his  return  home,  having  made  a  report  of  it  to 
the  members  of  the  royal  academy  of  fciences,  thofe  gentlemen 
endeavoured  to  repeat  the  experiment  in  1700  ;  but  they  did  not 
fucceed.  For,  as  they  faid,  beams  of  light  palled  through  the 
vacuum  without  fuffering  any  refraCtion.  The  royal  fociety,  be¬ 
ing  informed  of  this,  were  defirous  that  it  might  be  put  pall 
difpute,  by  repeated  and  well  atteded  trials,  and  ordered  Mr. 
Hauklbee  to  make  an  indrument  for  the  purpofe,  by  the  direction 
of  Dr.  Halley.  It  confided  of  a  ftron-g  brafs  prifm,  two  fides 
of  which  had  fockets  to  receive  two  plane  glades;  whereby  the 
air  in  the  prifm  might  either  be  exhaufted  or  condenfed.  The 
prifm  had  alfo  a  mercurial  gage  fixed  to  it,  to  difcover  the  den¬ 
fity  of  the  contained  air,  and  was  contrived  to  turn  upon  its 
axis,  in  order  to  make  the  refractions  equal  on  each  fide,  when 


X 
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it  was  fixed  to  the  end  of  a  telefcope.  The  refracting  angle  was 
near  64°,  and  the  length  of  the  telefcope  was  about  10  feet,  hav¬ 
ing  a  fine  hair  in  its  focus.  The  event  of  this  accurate  experiment 
was  as  follows  : 

Having  chofen  a  proper  and  very  diftinCt  ereCt  objeCt,  whofe 
diltance  was  2588  feet,  June  115:  old  ftyle  1708,  in  the  morn¬ 
ing,  the  barometer  being  then  at  29.  7.  i,  and  the  thermometer 
at  60,  they  firft  exhaufted  the  prifm,  and  then  applying  it  to  the 
telefcope,  the  horizontal. hair  in  the  focus  covered  a  mark  on  the 
objeCt  diftinCtly  feen  through  the  vacuum,  the  two  glafles  being 
equally  inclined  to  the  vifual  ray.  Then  admitting  the  air  into- 
the  prifm,  the  objeCt  was  feen  to  rife  above  the  hair  gradually, 
as  the  air  entered,  and  in  the  end  the  hair  was  obferved  to  hide  jl 
mark  io4  inches  below  the  former  mark.  This  they  often  re¬ 
peated,  and  with  the  fame  fuccefs. 

After  this  they  applied  the  condenfing  engine  to  the  prifm,  and 
having  forced  in  another  atmofphere,  fo  that  the  denfity  of  the 
included  air  was  double  to  that  of  the  outward,  they  again  placed 
it  before  the  telefcope,  andletting  outtheair,  the  objeCt  which  be¬ 
fore  feemed  to  rife,  appeared  gradually  to  defcend,  and  the  hair 
at  length  relied  on  an  objeCt  higher  than  before  by  the  fame  in¬ 
terval  of  ioi  inches.  This  experiment  they  likewife  frequently 
repeated,  without  any  variation  in  the  event. 

They  then  forced  in  another  atmofphere,  and  upon  difcharg- 
ing  the  condenfed  air,  the  objeCt  was  feen  near  21  inches  lower 
than  before. 

Now  the  radius  in  this  cafe  being  2588  feet,  10  inches  will 
fubtend  an  angle  of  one  minute  and  8  feconds,  and  the  angle  of 
incidence  of  the  vifual  ray  being  32  degrees  (becaufe  the  angle  of 


the 
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the  glafs  planes  was  64)  it  follows  from  the  known  laws  of  re¬ 
fraction  ;  that  as  the  fine  of  390  is  to  that  of  31°,  59',  26"  i 
differing  from  320  by  34''  the  half  of  1 1 .  8/;  fo  is  the  fine  of  any 
other  incidence,  to  the  fine  of  its  angle  of  refraction ;  and  fo  is 
radius,  or  1000000,  to  999736 ;  which,  therefore,  is  the  propor¬ 
tion  between  the  fine  of  incidence  in  vacuo  and  the  fine  of  re¬ 
fraction  from  thence  into  common  air. 

It  appears,  by  thefe  experiments,  that  the  refraCtive  power  of 
the  air  is  proportionable  to  its  denfity.  And  fince  the  denfity  of 
the  atmofphere  is  as  its  weight  direCtly,  and  its  heat  inverfly, 

r  *■ 

the  ratio  of  its  denfity,  at  any  given  time,  may  be  had  by  com¬ 
paring  the  heights  of  the  barometer  and  thermometer ;  and 
thence  he  concludes  that  this  will  alfo  be  the  ratio  of  the  refrac¬ 
tion  of  the  air.*  But  Dr.  Smith  obferves,  that,  before  we  can 
depend  upon  the  accuracy  of  this  conclufion,  we  ought  to  exa¬ 
mine  whether  heat  and  cold  alone  may  not  alter  the  refraCtive 
power  of  air,  while  its  denfity  continues  the  fame.  This,  he 

r  1  .  ^ 

fays,  may  be  tried,  by  heating  the  condenfed  or  rarified  air,  fhut 
up  in  the  prifm,  juft  before  it  is  fixed  to  the  telefcope,  and  by  ob- 
ferving  whether  the  hair  in  its  focus  will  continue  to  cover  the 
fame  mark  all  the  while  that  the  air  is  cooling.  •f 

The  French  Academicians,  being  informed  of  the  refult  of 
the  above  mentioned  experiment,  employed  M.  Delifle,  the 
younger,  to  repeat  their  former  experiment  with  more  care ;  and 
he  prefently  found  that  their  operators  had  never  made 
any  vacuum  at  all,  there  being  chinks  in  their  inftrument, 
through  which  the  air  had  infinuated  itfelf.  He  therefore  an¬ 
nexed  a  gage  to  his  inftrument,  by  which  means  he  was  fure  of 

*  HaukJtee’s  Experiments,  p.  225.  f  Smith’s  Opticks.  Remarks,  p.  69. 

X  2 
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his  vacuum  ;  and  then  the  refult  of  the  experiment  was  the  fame 
with  that  in  England.  The  refraction  was  always  in  proportion 
to  the  denfity  of  the  air,  excepting  when  the  mercury  was  very 
low,  and  confequently  the  air  very  rare  ;  in  which  cafe  the 
whole  quantity  being  very  fmall,  he  could  not  perceive  much 
difference  in  them.  Comparing,  however,  the  refractive  power 
of  the  atmofphere,  obferved  at  Paris,  with  the  refult  of  his  ex¬ 
periment,  he  found  that  the  belt  vacuum  he  could  make  was  far 
\ 

fhort  of  that  of  the  etherial  regions  above  the  atmofphere.* 

Mr.  Hauklbee  took  a  great  deal  of  pains  with  the  bufinefs  of 
refractions,  carefully  afcertaining  the  refraCtive  powers  of  diffe¬ 
rent  fluids,  by  means  of  a  prifm ;  and  as  his  obfervations  are  of 
confiderable  importance,  I  fhall  fubjoin  the  table  that  he  drew 
up  from  them,  and  recite  fomeof  his  general  remarks. 


Specifick  Gravities  in  Ang.  of  Ob- 
comparifon  with  a  fervation. 

bulk  of  water  equal 
to  820  grains.  d.  1 


Oil  of  Safafras 

898 

16.50 

29.20 

Turpentine 

7i3^ 

25.25 

Bees-TVax 

662 

23-3° 

Carr  away  es 

752 

26.13 

Oranges 

7 11 

25.20 

Hyfop 

769.5 

25.10 

Rofemary 

747 

24.40 

Savin 

789 

25.30 

Origanum 

752 

25.00 

Pennyroyal 

783 

25.30 

Mint 

780.5 

26.00 

Spifo 

749 

24.30 

*  Ac.  Par.  1719. 

H.  88.  M.  436. 

Ratio  of 
Refraction. 

as  10000  is  to 

748.5.3 

6475.8 

6741.8 

6885.4 

6696.5 

6741.2 

6757.6 

6794.7 

6730.9 

6770.2 

6730.9 
6706.4 

6807.3 


Fennel 
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Fennel 

798 

27.10 

6616.5 

"Juniper 

729 

25.10 

6757.6 

Cummin 

766.5 

27.00 

6627.7 

"Tan  fey 

757 

23.46 

6865.1 

Dill 

795-5 

27.40 

6582.7 

Amber 

783 

26.30 

6662.3 

Cinnamon 

828 

28.40 

6517.7 

Cloves 

827 

27.20 

6606.8 

Nutmegs 

759 

25.40 

6721.4 

Spirit  of  Wine 

703-5 

18.50 

7287.9 

Hartjhorn 

786 

17.00 

7468.3 

Vinegar 

824.5 

17.00 

As  Hartjhorn. 

Sal  Ammoniack 

794-5 

i6.S6 

7475.2 

Acids ,  Spirit  of  Amber  825 

16.56  As  Sal  Ammoniack 

Oil  of  Vitriol 

1580 

21.56 

7OII-5 

Spirit  of  Nitre 

1166 

20.50 

- 

7I04- 

Aqua  Regis 

987 

19.50 

7*95- 

Aqua  Fortis 

ii57 

20.40 

7120.5 

Aqua  Regis  ffom-j 

Aqua  Fortis  and  > 

1034 

20.10 

* 

7161.5 

Sal  Ammoniack 

Butter  of  Antimony 

1976 

40.00 

5941-3 

Spirit  of  Raw  Silk 

916 

20.30 

7i35 

Spirit  of  Honey 

716 

16.50 

As  Water. 

Tin  61.  of  Antimony 

693 

18.46 

7294-3 

Jefuits  Bark 

720 

18.46 

As  Tindure  of  Antimony . 

Balfamum  Tolu 

7*7 

19-34 

7219.3 

Gum  Ammoniacum 

719 

19.10 

7257-3 

Metals 

713 

IS-54 

7281.7 

Vitreous  Humour  of  7 

k 

16.50 

As  Water 

an  Ox’s  Eye  j 

Cryjlalline  Humour  ] 

[  ' 

of  an  Ox’s  Eye  j 

r 

24.10 

6832.7 

White  of  an  Hen’s  Egg 

17.40 

,7401-3 

Jelly  of  Hartjhorn 

17.50 

73^*7 

Human 
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Human  Saliva  16.50  As  Water. 

».  i 

r  Human  Urine  17.05  7451.9 

tt  * 

French  Brandy  18.20  7338-6* 

In  order  to  meafure  the  refradtive  power  of  the  cryftalline  hu-* 
qiour  of  the  ox’s  eye,  mentioned  in  the  above  table,  he  prefled 
it  into  the  angle  of  the  prifrn.  It  is  remarkable,  that  he  could 
not  fee  the  common  objedt  through  it,  but  was  forced  to  make 
ufe  of  a  candle  for  that  purpofe,  the  flame  of  which  appeared 
very  broad,  at  leaft  5  or  6  inches,  nearly  in  the  form  of  an  half 
moon,  the  reafon  of  which  he  could  not  determine.  - 

Of  all  the  fluids  which  he  tried,  he  found  nothing  to  refradt 
the  light  lefs  than  water.  He  obferved  oil  of  bees- wax  to  be  the 
lighted:  fluid,  and  butter  of  antimony  per  deliquium  to  be  much 
the  heavieft. ;  as  their  fpecific  gravity  is  nearly  one  to  three  j  but 
their  refradtive  power  as  about  1  to  1.  16. 

Upon  the  whole,  Mr.  Haukfbee  obferved,  that  bodies  do  not 
refradt  the  light  in  proportion  to  their  fpecific  gravity,  but  from 
fome  quality  peculiar  to  themfelves  •,  but  whether  it  was  from 
their  inflammability,  or  fome  peculiarity  of  their  internal  ftruc- 
ture  he  could  not  tell. 

Oil  of  turpentine,  flrongl.y  tinged  green  with  filings  of  brafs, 
<Jid  not  at  all  alter  its  refradtive  power.  § 

Dr.  Hooke  firft  fuggefted  the  thought  of  making  allow¬ 
ance  for  the  effedl  of  the  refradtion  of  light,  in  pafling  from  the 
higher  and  rarer,  to  the  lower  and  denfer  region  of  the  atmof- 
phere,  in  the  computed  height  of  mountains.-  To  this  he 
afcribes  the  different  opinions  of  authors  concerning  the  height 

*  .A  confiderable  part  of  this  table  will  be  repeated,  and  reduced  into  a  more  commo¬ 
dious  form,  along  with  fome  of  Mr.  Euler’s,  in  the  laft  period  of  this  work. 

§  Hauklbee’s  Experiments,  p.  293. 
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of  feveral  very  high  hills.  He  could  not  account  for  the  appear¬ 
ance  of  the  Pike  of  Tenerif,  and  feveral  very  high  mountains, 
at  fo  great  a  diftance  as  that  at  which  they  are  actually  feen,  but 
upon  the  fuppofition  of  the  curvature  of  the  vifual  ray,  that  is 
made  by  its  palling  obliquely  through  a  medium  of  fuch  different 
denfity,  from  the  top  of  them' to  the  eye,  very  far  diftant  in  the 
horizon.  All  calculations  of  the  height  of  mountains  that  are 
made  upon  the  fuppofition  that  the  rays  of  light  come  from  the 
tops  of  them,  to  our  eyes,  in  ftraight  lines  muft,  he  fays,  be 
very  erroneous.  *  1 

Dr.  Hooke  gives  a  very  good  account  of  the  twinkling  of  the 
Jiars,  afcribing  it  to  the  irregular  and  unequal  refraction  of  the 
rays  of  light,  which  is  alfo  the  reafon  why  the  limbs  of  the  fun, 
moon,  and  planets  appear  to  wave  or  dance.  And  that  there  is 
fuch  an  unequal  diftribution  of  the  parts  of  the  atmofphere, 
he  fays,  is  manifeft  from  the  different  degrees  of  heat  and  cold 
in  the  air.  This,  he  fays,  will  be  evident  by  looking  upon 
diftant  objects,  over  a  piece  of  hot  glafs,  which  cannot  be  fup- 
pofed  to  throw  out  any  kind  of  exhalation  from  itfelf,  as  well  as 
through  afcending  fteams  of  water. -f* 

In  this  period  I  find  the  firft  obfervation  of  a  remarkable  effect 

•  *  m  *.  ?  if  ?  ’ » 

of  the  different  refrangibility  of  the  rays  of  light,  tranfmitted 

through  a  prifm,  though  the  caufe  of  it  was  not  found  before 

>  •  \ 

Sir  Ifaac  Newton.  The  effect,  however,  was  obferved  by  Gri¬ 
maldi,  who  made  the  confiderable  difcovery  relating  to  the  in¬ 
flexion  of  light  which  will  be  mentioned  in  the  next  fetion. 
He  perceived  that  when  a  beam  of  the  fun’s  light  was  tranfmit¬ 
ted  through  a  prifm,  inftead  of  coming  out  round,  for  inftance, 

*:•  v  A'. it  S*V  w--'-' 

;  Mxcrograpliia,  p.  236.  f  lb.  p.231. 

as  it 
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as  it  entered,  it  made  a  very  confiderable  oblong  image  of  the 
fun,  on  the  oppofite  wall. 

This  curious  obfervation  he  made  in  the  courfe  of  fome  ex- 
periments,  by  which  he  proves  that  colours,  are,  in  fome  cafes, 
produced  by  the  refraction  of  light,  without  any  reflexion  of  it. 
His  firfl:  experiment  to  prove  this,  was  that  of  Vitellio,  viz.  by 
making  a  beam  of  light  in  a  darkened  room  fall  obliquely  on  a 
glafs  veflel  full  of  water,  the  bottom  of  which  was  covered  with 
fome  white  fubftance,  on  which  the  colours  appeared.  His  fe- 
cond  experiment  is  that  of  the  prifm  above  mentioned,  in  which 
a  beam  of  light  is  more  dilated,  by  means  of  the  double  refrac¬ 
tion,  one  at  the  entrance  of  the  rays  into  the  prifm,  and  the  o- 
ther  at  their  coming  out  of  it ;  and  by  figures  he  very  well  re- 
prefents  the  progrefs  of  the  rays  in  this  cafe.  *  But  though  the 
light  be  coloured  by  an  oblique  refradtion  into  a  piece  of  glafs, 
this  author  thews  that,  if  the  two  furfaces  of  the  glafs  be  pa¬ 
rallel,  the  rays  will  ifiue  parallel  to  their  direction  before  inci¬ 
dence,  and  be  colourlefs.-f* 

Though  this  writer  fpeaks  of  part  of  a  beam  of  light  being 
more  refradted  than  another  part  of  it,  he  was  far  from  fufpedHng 
that  it  was  occafioned  by  any  difference  in  the  refrangibility  of 
the  rays  of  which  it  confified.  He  only  imagined  that  the  light 
was  more  condenfed  on  the  fide  that  was  leafl:  refradted,  or  red, 
and  rarer,  or  more  dilated,  where  it  was  moft  refradted. § 

That  prifms,  or  broken  pieces  of  glafs,  tranfrnit  the  light  co¬ 
loured,  had  been  known  as  early,  perhaps,  as  almofl:  any  obfer- 
vations  concerning  light  and  co’ours  ;  and  we  have  feen  that  Def- 
cartes  availed  himfelf  of  it  in  accounting  for  the  colours  of  the 
rainbow.  The  colorific  property,  as  I  may  call  it,  of  prifms, 

*  De  Lumine,  p.  235.  f  lb.  p.  272.  §  lb.  p.  272. 
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makes  them  of  great  value  in  the  Eaft,  as  we  learn  from  Father 
Trigautius,  in  his  account  of  the  million  to  China ;  who  fays 
that  five  hundred  pieces  of  gold  had  been  given  for  one  of  them, 
by  a  perfon  who  got  it  upon  thofe  terms  with  great  difficulty  ;  it 
being  thought  to  be  fit  for  fovereign  princes  only.  Kircher  gives 
the  fame  account  in  his  China  Illuftrata.  * 

But,  notwithftanding  the  property  of  prifms,  to  exhibit  co¬ 
lours,  had  been  long  known,  that  the  form  of  the  beam  was  al¬ 
tered  in  the  fame  circumftances  was  not  obferved  before  it  occur- 
red  in  the  experiments  of  Grimaldi.  This  Italian  philofopher, 
however,  and  others  after  him,  only  imagined  that  the  light  was 
fome  way  or  other  irregularly  fcattered  by  the  parts  of  the  prifm. 
This,  indeed,  was  faying  nothing  ;  but  it  does  not  appear  that 
he,  or  any  one  elfe,  thought  much  about  it,  not  imagining  that 
the  fad:  was  of  any  confequence.  Thus  the  jewel,  in  the  fable,  is 
paffed  unnoticed  by  the  cock,  and  lies  unheeded  ;  till  a  jeweller 
who  knows  its  value,  happens  to  come  that  way. 

I  ffiall  conclude  this  fedion,  relating  to  the  phenomena  of  re¬ 
fraction,  with  fome  obfervations  concerning  the  effeds  of  burn¬ 
ing  glaffes,  particularly  thofe  that  were  made  by  the  members  of 
the  academy  Del  Cimento ;  and  I  am  forry  to  fay,  that  it  is  the 
laft  of  the  tranfadions  of  thofe  gentlemen  that  I  have  to  relate, 
upon  the  fubjed  of  this  part  of  my  work.  They  were  intended 
to  try  what  kind  of  fubftances  are  moil  affeded  with  the  heat  of 
burning  glaffes ;  and  they  proved,  contrary  to  the  opinion  which 
had  prevailed  till  their  times,  that  white  fubftances,  fuch  as  line 
writing  paper,  and  fine  linen,  could  be  fet  on  fire  by  this  meart-s. 


*  A&a  Ac.  Ccef.  Vol.  8,  p.  223. 
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as  alfo  many  other  fubftances,  which  they  mention,  particularly 
gunpowder ;  but  they  were  not  able  to  fire  fpirit  of  wine. 

This  lafl  obfervation  is  a  very  remarkable  one,  but  was  not  at¬ 
tended  to,  till  M.  Nollet,  in  the  laft  period  of  my  hiftory,  found’ 
that  he  could  not,  by  the  moil:  powerful  burning  mirrors,  or 
lenfes,  fet  fire  to  any  inflammable  liquors  whatever. 

One  cannot  help  finding,  though  perhaps  very  unjuftly,  at  fe- 
veral  experiments  that  are  made  in  the  infancy  of  any  fcience. 
This  was  with  me  the  effect  of  an  optical  experiment  of  Dr. 
Hooke’s  within  this  period,  and  with  an  account  of  which  I  fhall 
clofe  this  fedlion.  He  related  to  the  royal  fociety,  whofe  cura¬ 
tor  he  then  was,  at  one  of  their  meetings  in  1664,  that  having 
taken  a  piece  of  ice,  and  fhaped  it  into  a  lens,  he  found  that, 
though  it  caft  the  figure  of  the  fun  upon  his  hand,  it  yielded  no 
fenfible  heat.  In  the  infant  Rate  of  this  fcience,  this  account 
^vas  by  no  means  treated  with  ridicule.  He  was  defired  by  the 
members  prefent  to  try  it  again,  and  at  the  fame  time  a  lens  of 
glafs,  to  obferve  if  that  would  give  any  heat  in  the  fame  weather. 
The  refult  of  the  experiment,  if  it  ever  was  made,  is  not  relate 
ed.  Indeed  it  might  perhaps  have  been  as  well  if  Dr.  Birch  had 
not  recorded  fo  much  as  he  has  done  of  this  affair,  but  fince  he 
has  thought  proper  to  mention  it,  I  alfo  have  thought  proper  to 
do  it  after  him. 

We  are  by  no  means  to  judge  of  Dr.  Hooke  as  a  philofopher, 
or  an  optician,  from  this  experiment.  Had  he,  or  any  of  the 
members  of  the  royal  fociety,  been  fufficiently  acquainted  with 
the  writings  of  Defcartes,  they  would  have  found  it  needlefs  to 
try  the  effects  of  lenfes  made  of  ice.  For  this  writer  fays,  that 
James  Metius,  of  Alcmar,  in  Holland,  the  fame  perfon  to  whom 
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he  afcribes  the  invention  of  telefcopes,  and  who  took  great  plea- 
fure  in  making  lenfes  and  burning  glades,  fometimes  made  them 
of  ice ,  and  did  not  find  that  fubftance  unfit  for  his  purpofe.* 

SECTION  IV. 

Experiments  concerning  the  INFLECTION  of 

m  LIGHT. 

IN  the  title  of  this  fedtion  there  occurs  a  new  term  in  the  doc¬ 
trine  of  light,  correfponding  to  a  new  property  of  the  rays, 
difcovered  within  this  period ;  and  though,  in  fadt,  it  feems  to 
be  nothing  more  than  an  effedt  of  the  fame  power  which  is  the 
caufe  of  reflexion  and  refraction,  peculiarly  circumftanced,  yet  it 
is  fuch  an  effedt  as  could  hardly  have  been  fufpedted  without  ac¬ 
tual  obfervation.  Had  Defcartes,  or  any  other  philofopher  be¬ 
fore  this  period,  been  alked,  what  would  have  become  of  a  ray 
of  light,  which  fhould  pafs  as  near  as  poflible  to  any  body,  but 
without  adtually  impinging  upon  it ;  he  would  have  replied,  with¬ 
out  hefitation,  that  it  would  proceed  in  a  ftraight  line,  without 
being  affedted  by  its  approach.  But  it  was  now  found,  that  light 
coming  within  a  certain  diftance  of  any  body,  will  either  be  bent 
from  it,  or  towards  it,  which  is  a  kind  of  imperfedt  reflexion  or 
refradtion.  This  property  was  firfl-  called  diffraBion ,  but  has 
now  generally  obtained  the  name  of  infleBion,  which  is  the  term 
adopted  by  Sir  Ifaac  Newton,  whofe  experiments  on  this  fubjedt, 
though  not  completed,  are  peculiarly  ftriking  and  important. 


*  Dioptrics,  p.  49. 
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The  firft  who  made  this  difcovery  concerning  the  diffraction, 
or  inflection  of  light,  was  Father  Grimaldi.  At  leaff,  he  firft 
publifhed  an  account  of  it,  in  his  treatife  De  lumine ,  coloribus,  et 
iride ,  printed  in  1666  3  for  I  do  not  find  that  any  other  perfon 
lays  claim  to  the  difcovery,  except  Dr.  Hooke,  who  communi¬ 
cated  his  obfervations  on  this  fubjeCtto  the  royal  fociety  in  1672, 
fome  months  after  the  firft  communication  of  Sir  Ifaac  Newton's 
difcovery,  concerning  the  different  refrangibility  of  the  rays  of 
light  3  and,  as  it  fhould  feem,  in  order  to  fulfil  the  promife  which 
he  thereupon  made,  to  bring  fome  objections  to  Sir  Ifaac  New¬ 
ton’s  doCtrine,  at  the  next  meeting  of  the  fociety.  It  appears, 
however,  that  Dr.  Hooke  had  not  heard  of  the  difcoveries  of 
Grimaldi  3  for  he  fpeaks  of  his  own,  as  the  difcovery  of  a  “  new 
“  property  of  light  not  mentioned  by  any  optical  writer  before 
“  him."  *  Indeed,  the  circumftances  of  Dr.  Hooke’s  experi¬ 
ments  are  fo  different  from  thofe  of  Grimaldi,  that  his  account 
is  in  itfelf  extremely  probable. 

Confidering  the  obfervations  of  Dr.  Hooke,  as  being  made  in¬ 
dependent  of  thofe  of  Grimaldi,  and  perhaps  about  the  fame 
time,  and  being  far  lefs  perfeCt  than  his,  I  fhall  begin  with  them, 
as  proper  to  introduce  the  more  accurate  and  important  obferva¬ 
tions  of  the  Italian  philofopher  3  which,  indeed,  do  well  deferve 
to  be  recited  at  fome  length,  no  writer  that  I  have  met  with  hav¬ 
ing  done  them  juftice. 

Dr.  Hooke,  having  made  his  room  completely  dark,  he  ad¬ 
mitted  into  it  a  beam  of  the  fun’s  light,  by  a  very  fmall  hole  in 
a  brafs  plate,  fixed  in  the  window  fhutter.  This  beam,  fpread- 
ing  itfelf,  formed  a  cone,  the  apex  of  which  was  in  the  hole,  and 

*  Birch’s  Hiftory,  Vol.  3,  p.  10. 
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the  bafewason  a  paper,  fo  placed,  as  to  receive  it  at  fome  diftance. 
In  th;s  image  of  the  fun,  thus  painted  on  the  paper,  he  obferv- 
that  the  middle  was  much  brighter  than  the  edges,  and  that  there 
was  a  kind  of  dark  penumbra  about  it,  of  about  a  16th  part  of 
the  diameter  of  the  circle  ;  which  penumbra,  he  fays,  muft  be 
afcribed  to  a  property  of  light,  which  he  promifed  to  explain. 
Having  obferved  this,  at  about  the  diftance  of  two  inches  from 
the  former,  he  let  in  another  cone  of  light ;  and  receiving  the 
bafes  of  them,  at  fuch  a  diftance  from  the  holes,  as  that  the 
circles  interfered  each  other,  he  obferved  that  there  was  not  on¬ 
ly  a  penumbra,  or  darker  ring,  encompafling  the  lighter  circle, 
but  a  manifeft  dark  line,  or  circle,  which  appeared  even  where 
the  limb  of  the  one  interfered  with  that  of  the  other.  This  ap¬ 
pearance  is  diftinddy  reprefented,  fig.  52. 

Comparing  the  diameter  of  this  bafe,  with  its  diftance  from 
the  hole,  he  found  it  to  be  by  no  means  the  fame  as  it  would 
have  been,  if  it  had  been  formed  by  ftraight  lines,  drawn  from 
the  extremities  of  the  fun’s  difk,  but  varied  with  the  fize  of  the 
holes,  and  the  diftance  of  the  paper. 

Struck  with  this  appearance,  he  proceeded  to  make  farther 
experiments  concerning  the  nature  of  light  thus  tranfmitted. 
To  give  a  juft  idea  of  which,  he  held  an  opaque  body,  BB,  fig. 
53,  fo  as  to  intercept  the  light  that  entered  at  a  hole  in  the  win- 
dow-fhutter  O,  and  was  received  on  the  fcreen  AP.  In  thefe 
circumftances,  he  obferved,  that  the  fhadow  of  the  opaque  body 
(which  was  a  round  piece  of  wood,  not  bright  or  polifhed)  was 
all  over  fomewhat  enlightened ;  but  more  efpecially  towards  the 
edge.  Some  perfons,  who  were  prefent,  imagining  that  this 
light  within  the  fhadow  might  be  produced  by  fome  kind  of  re¬ 
flexion 
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flexion  from  the  fide  of  this  opaque  body,  oil  account  of  its 
roundnefs  ;  and  others  fuppofing  it  might  proceed  from  fome  re¬ 
flexion  from  the  fldes  of  the  hole,  in  the  piece  of  brafs  through 
which  the  light  was  admitted  into  the  room  }  to  obviate  both 
thefe  objections,  he  admitted  the  light  through  a  hole  burnt  in  a 
piece  of  pafteboard,  and  intercepted  it  with  a  rafor,  which  had 
a  very  {harp  edge ;  but  Hill  the  appearances  were  the  very  fame 
as  before  ;  fo  that,  upon  the  whole,  he  concluded  that  they  were 
occasioned  by  a  new  property  of  light,  different  from  any  that 
had  been  obferved  by  preceding  writers. 

He  farther  diverfified  this  experiment,  by  placing  the  rafor  fo 
as  to  divide  the  cone  of  light  into  two  parts,  the  hole  in  the  {but¬ 
ter  remaining  as  before,  and  placing  the  paper  fo  as  that  none  of 
the  enlightened  part  of  the  circle  fell  upon  it,  but  only  the  {ha- 
dow  of  the  rafor  ;  and,  to  his  great  furprile,  he  obferved  what  he 
calls  a  very  brijk  and  vifible  radiation ,  flunking  down  upon  the  pa¬ 
per,  of  the  fame  breadth  with  the  diameter  of  the  lucid  circle  ; 

* 

and  this  radiation  always  flruck  perpendicularly  from  the 
line  of  Shadow,  and,  like  the  tail  of  a  comet,  extended  more 
than  io  times,  and  probably  more  than  ioo  times  the  breadth  of 
the  remaining  part  of  the  circle ;  nay,  as  far  as  he  could  find,  by 
many  trials,  the  light  from  the  edge  flruck  downwards  into  the 
Shadow  very  near  to  a  quadrant,  though  the  greater  were  the  de¬ 
flexions  of  this  new  light  from  the  diredt  radiations  of  the  cone, 
the  more  faint  they  were. 

Obferving  this  appearance  with  more  attention,  he  found 
wherever  there  was  a  part  of  the  interpofed  body  higher  than  the 
reft,  that,  oppofite  to  it,  the  radiation  of  light  into  the  Shadow 
was  brighter,  as  in  the  figure  ;  and  wherever  there  was  a  notch 
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or  gap  in  it,  there  would  be  a  dark  ftroke  in  the  half  enlighten¬ 
ed  fhadow.  From  all  thefe  appearances  he  concluded,  that  they 
were  to  be  afcribed  to  a  new  property  of  light,  whereby  it  is  de- 
fle&ed  from  ftraight  lines,  contrary  to  what  had  been  before 
alferted  by  optical  writers. 

It  does  not  appear,  however,  that  our  philofopher  ever  profe- 
cuted  this  experiment  to  any  purpofe ;  as  all  that  we  find  of  his 
on  the  fubjeCt  of  light,  after  this  time,  are  fome  crude  thoughts, 
which  he  read  at  a  meeting  of  the  royal  fociety,  on  the  18  th  of 
March  1675,  which  however,  as  they  are  only  fhort  hints,  I 
fhall  copy. 

They  confift  of  eight  articles,  and,  as  he  thought,  contained 
an  account  of  feveral  properties  of  light,  that  had  not  been  no¬ 
ticed  before.  1 .  There  is  a  deflexion  of  light,  differing  both 
from  reflexion  and  refraction,  and  feeming  to  depend  on  the  un¬ 
equal  denfity  of  the  conftituent  parts  of  the  ray,  whereby  the 
light  is  difperfed  from  the  place  of  condenfation,  and  rarified, 
or  gradually  diverged  into  a  quadrant.  2.  This  defleCtion  is 
made  towards  the  fuperficies  of  the  opaque  body  perpendicularly. 

2 .  Thofe  parts  of  the  diverged  radiations  which  are  deflected  by 
the  greatefl:  angle  from  the  ftraight  or  direCt  radiations  are  the 
fainted,  and  thofe  that  are  deflected  by  the  leaft  angles  are  the 
ftrongeft.  4.  Rays  cutting  each  other  in  one  common  fora¬ 
men  do  not  make  the  angles  at  the  vertex  equal.  5.  Colours 
maybe  made  without  refraction.  6.  The  diameter  of  the  fun 
cannot  be  truly  taken  with  common  fights.  7.  The  fame  rays 
of  light,  falling  upon  the  fame  point  of  an  objeCt,  will  turn  in¬ 
to  all  forts  of  colours,  by  the  various  inclination  of  the  objeCt. 

3.  Colours  begin  to  appear  when  twopulfes  of  light  are  blend¬ 
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ed  fo  well,  and  fo  near  together,  that  the  fenfe  takes  them 
for  one.  * 

After  this  view  of  the  ingenious,  but  imperfect  experiments 
of  Dr.  Hooke,  I  proceed  to  relate  the  more  valuable  difcoveries 
of  Father  Grimaldi.  Having  introduced  a  ray  of  light,  through 
a  very  fmall  hole,  AB,  fig.  54,  into  a  darkened  room,  he  obferv- 
ed  that  the  light  was  diffufed  into  the  form  of  a  cone,  the  bafe 
of  which  was  CD  ;  and  that  if  any  opaque  body,  FE,  was  placed 
in  this  cone  of  light,  at  a  confiderable  difiance  from  the  hole, 
and  the  fiiadow  was  received  upon  a  piece  of  white  paper,  the 
boundaries  of  it  were  not  confined  within  GH,  or  the  penumbra 
IL,  occafioned  by  the  light  proceeding  from  different  parts  of  the 
aperture,  and  of  the  dilk  of  the  fun,  but  extended  to  MN,  at 
which  he  was  very  much  furprifed,  fufpedting,  and  finding  by 
calculation,  that  it  was  confiderably  broader  than  it  could  have 
been  made  by  rays  pafling  in  right  lines  by  the  edges  of  the, 
objedt. 

But  the  mofi  remarkable  circumftance  in  this  appearance  was 
that,  upon  the  lucid  part  of  the  bafe,  CM  and  ND,  ftreaks  of 
coloured  light  were  plainly  diftinguifhed,  each  being  terminated 
by  blue  on  the  fide  next  to  the  fhadow,  and  by  red  on  the  other ; 
and  though  thefe  coloured  ftreaks  depended,  in  fome  meafure,  on 
the  fize  of  the  aperture  AB,  becaufe  they  could  not  be  made  to 
appear  if  it  was  large,  yet  he  found  that  they  were  not  limited 
either  by  it,  or  by  the  diameter  of  the  fun’s  dilk. 

He  farther  obferved,  that  thefe  coloured  ftreaks  were  not  all 
of  the  fame  breath,  but  grew  narrower  as  they  receded  from  the 
ihadow,  and  were  each  of  them  broader,  the  farther  the  fhadow 


*  Hooke’s  Fofthumous  Works,  p.  190. 
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was  received  from  the  opaque  body,  and  alfo  the  more  obliquely 
the  paper  on  which  they  were  received  was  held  with  refpeft  to 
it.  He  never  obferved  more  than  three  of  thefe  ftreaks. 

To  give  a  clearer  idea  of  thefe  coloured  ftreakes,  he  drew  the 
reprefentation  of  them,  exhibited  in  fig.  55,  in  which  NMO 
reprefents  the  broadeft  and  moft  luminous  ftreak,  next  to  the 
dark  ftiadow  X.  In  the  fpace  in  which  M  is  placed  there  was 
no  diftin&ion  of  colour,  but  the  fpace  NN  was  blue,  and  the 
fpace  OO,  on  the  other  fide  of  it,  was  red.  The  fecond  ftreak, 
QPR,  was  narrower  than  the  former ;  and  of  the  three  parts  of 
which  it  confided,  the  fpace  P  had  no  particular  colour,  but 
QC^_was  a  faint  blue,  and  RR  a  faint  red.  The  third  ftreak, 
TSV,  was  exadtly  fimilar  to  the  two  others,  but  narrower  than 
either  of  them,  and  the  colours  ftill  fainter.  * 

Thefe  coloured  ftreaks  he  obferved  to  lie  parallel  to  the  ftiadow 
of  the  opaque  body  ;  but  when  it  was  of  an  angular  form, 
they  did  not  make  the  fame  acute  angles,  but  were  bent  into 
a  curve,  the  outermoft  being  rounder  than  thofe  that  were  next 
the  ftiadow,  as  is  reprefen  ted  fig.  56.  If  it  was  an  inward  angle, 
as  DCH,  the  coloured  ftreaks,  parallel  to  each  of  the  two  lides,* 
crofted  without  obliterating  one  another ;  only  the  colours  were 
thereby  rendered  either  more  intenfe,  or  mixed. 

The  light  that  formed  thefe  coloured  ftreaks,  my  reader  will 
perceive,  muft  have  been  bent  from  the  body ;  but  this  attentive 
obferver  has  like  wife  given  an  account  of  other  appearances,  which 
muft  have  been  produced  by  the  light  bending  towards  the  body. 
For  within  the  ftiadow  itfelf  he  fometimes  perceived  coloured 
ftreaks,  fimilar  to  thofe  above  mentioned  on  the  outfide  of  the 
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fhadow.  Sometimes  he  faw  more  of  them,  and  fometimes 
fewer  but  for  this  purpofe  a  very  ftrong  light  was  requifite,  and 
the  opaque  body  was  obliged  to  be  long,  and  of  a  moderate 
breadth  which,  he  fays,  is  eafily  found  by  experience.  A  hair, 
for  inftance,  or  a  fine  needle,  did  not  anfwer  fo  well  as  a  thin  and 
narrow  plate  ;  and  the  ftreaks  were  mod  diftinguifhable  when 
the  fhadow  was  taken  at  the  greateft  diftance  3  but  then  the  light 
grew  fainter  in  the  fame  proportion. 

The  number  of  thefe  ftreaks  within  the  fhadow  was  greater 
in  proportion  to  the  breadth  of  the  plate.  They  were,  at  leaf!, 
two,  and  fometimes  four,  if  a  thicker  rod  were  made  ufe  of. 
But,  with  the  fame  plate  or  rod,  more  or  fewer  ftreaks  appear¬ 
ed,  in  proportion  to  the  diftance  at  which  the  fhadow  was  re- 

T 

ceived  ;  but  they  were  broader  when  they  were  few,  and  nar¬ 
rower  when  there  were  more  of  them  ;  and  they  were  all  much 
more  diftindt  when  the  paper  was  held  obliquely. 

Thefe  coloured  ftreaks  within  the  fhadow,  like  thofe  on  the 
outfide  of  it,  were  bent  in  an  arch,  round  the  acute  angles  of  the 
fhadow,  as  they  are  reprefented,  fig.  57.  At  this  angle  alfo,  as 
at  D,  other  fhorter  lucid  ftreaks  were  vifible,  bent  in  the  form  of 
a  plume,  as  they  are  drawn  betwixt  D  and  C,  each  ben  ding  round 
and  meeting  again  in  D.  Thefe  angular  ftreaks  appeared, 
though  the  plate  or  rod  was  not  wholly  immerfed  in  the  beam  of 
light,  but  the  angle  of  it  only ;  and  there  were  more  or  fewer 
fn  number,  in  proportion  to  the  breadth  of  the  rod  or  plate.  If 
.  the  plate  or  rod  was  very  thin,  the  coloured  ftreaks  within  the 
fhadow  might  be  feen  to  bend  round  from  the  oppofite  fides,  and 
meet  one  another,  as  at  B.  A  only  reprefents  a  fe&ion  of  the 
figure,  and  not  a  proper  termination  of  the  fhadow,  and  the 

ftreaks 


Sec.  IV. 


THE  INFLECTION  OF  LIGHT. 


l79 


{freaks  within  each  fide  of  it.  The  coloured  {freaks  without  the 
lhadow,  he  alfo  obferves,  bend  round  it,  in  the  fame  manner. 

Our  author  acknowledges,  that  he  omits  feveral  obfervations  of 
lefs  confequence,  which  cannot  but  occur  to  any  perfon 
who  {hall  make  the  experiment ;  and  he  fays,  that  he  was 
not  able  to  give  a  perfectly  clear  idea  of  what  he  has  attempt¬ 
ed  to  defcribe,  nor  does  he  think  it  in  the  power  of  words  to 
do  it. 

\ '  '  *  *■ 

In  order  to  obtain  the  more  fatisfaCtory  proof  that  rays  of 
light  do  not  always  proceed  in  ftraight  lines,  but  really  bend,  in 
palling  by  the  edges  of  bodies,  he  diverfified  the  firft  of  the  a<- 
bove  mentioned  experiments  in  the  following  manner.  He  ad¬ 
mitted  a  beam  of  light,  by  a  very  fmall  aperture,  into  a  darken¬ 
ed  room,  as  before  ;  and  at  a  great  diftance  from  it,  he  fixed  a 
plate  EF,  fig.  58,  with  a  fmall  aperture,  GH,  which  admitted 
only  a  part  of  the  beam  of  light,  and  found,  that  when  the 
light  tranfmitted  through  this  plate,  was  received  at  fome  dis¬ 
tance,  upon  a  white  paper,  the  bafe  IK  was  confiderably  larger 
than  it  could  poflibily  have  been  made  by  rays  ifiuing  in  right 
lines  through  the  two  apertures,  as  the  other  firaight  lines  drawn 
clofe  to  their  edges  plainly  demonfirate.  * 

That  thofe  who  chufe  to  repeat  thefe  experiments  may  not  be 
difappointed  in  their  expectations  from  them,  our  author  gives 
the  following  more  particular  inftruCtions.  The  fun’s  light  mull 
be  very  intenfe,  and  the  apertures  through  which  it  is  tranf¬ 
mitted  very  narrow,  particularly  the  firft,  CD,  and  the  white 
paper,  IK,  on  which  it  is  received,  muft  be  at  a  confiderable  dis¬ 
tance  from  the  hole  GH  j  otherwife  it  will  not  much  exceed 

*  Grimaldi  de  Lumine,  p.  9, 
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NO,  which  would  be  the  breadth  of  the  beam  of  light  proceed¬ 
ing  in  flraight  lines.  He  generally  made  the  aperture  CD  T4-s- 
or  parts  of  an  antient  Roman  foot,  and  the  lecond  aperture, 
GH,  tVo  or  tVs-  ;  and  the  diftances  DG  and  GN  were,  at 
leaft,  1 2  iuch  feet.  The  obfervation  was  made  in  the  fummer 
time,  when  the  atmofphere  was  free  from  all  vapours,  and  about 
mid-day.  * 

F.  Grimaldi  alfo  made  the  fame  experiment  that  has  been  re¬ 
cited  from  Dr.  Hooke,  in  which  two  beams  of  light,  entering  a 
darkened  room  by  two  fmall  apertures  near  to  one  another,  pro¬ 
jected  cones  of  light ;  which,  at  a  certain  diftance,  in  part  coin¬ 
cided  ;  and  he  particularly  obferved  that  the  dark  boundaries  of 
each  of  them  were  vifible  within  the  lucid  ground  of  the  other.-j- 
To  thefe  difcoveries  of  Grimaldi,  I  lhall  fubjoin  an  additional 
obfervation  of  Dechales  5  who  took  notice,  that  if  fmall  fcratches 
be  made  in  any  piece  of  polifhed  metal,  and  it  be  expofed  to  the 
beams  of  the  fun,  in  a  darkened  room,  it  will  reflect  the  rays 
Itreaked  with  colours,  in  the  direction  of  the  fcratches ;  as  will 
appear  if  the  reflected  light  be  received  upon  a  piece  of  white 
paper.  §  That  thefe  colours  are  not  produced  by  refraction,  he 
fays,  is  manifefl  for  that,  if  the  fcratches  be  made  upon  glafs, 
the  eflfeCt  will  be  the  fame ;  and  in  this  cafe,  if  the  light  had 
been  refraCted  at  the  furface  of  the  glafs,  it  would  have  been 
tranfmitted  through  it.  J  From  thefe,  and  many  other  obfer- 
vations,  he  concludes  that  colour  does  not  depend  upon  the  re¬ 
fraction  of  light  only,  nor  upon  a  variety  of  other  circumftances, 
which  he  particularly  enumerates,  and  the  effects  of  which  he 
difcuflfes,  but  upon  the  intenfity  of  the  light  only.  || 

*  Grimaldi  de  Luminefp.  10.  f  lb.  p.  187.  §  Curfus,  Vol.  3,  p.  726.  $  lb. 
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The  very  imperfedt  views  and  conclufions  of  the  philofophers 
of  this  period  exhibit  an  amuiing  and  inftrudtive  profpedt ;  as 
they  demonftrate  that  it  is  by  no  means  neceffary  to  have  juft 
views,  and  a  true  hypothecs,  a  priori,  in  order  to  make  real  dif- 
coveries.  Very  lame  and  imperfedt  theories  are  fufficient  to  fug¬ 
ged:  ufeful  experiments,  which  ferve  to  correct  thofe  theories, 
and  give  birth  to  others  more  perfect.  Thefe,  then,  occaflon 
farther  experiments,  which  bring  us  ftill  nearer  to  the  truth ; 
and  in  this  method  of  approximation ,  we  mull  be  content  to  pro¬ 
ceed,  and  we  ought  to  think  ourfelves  happy,  if,  in  this  flow 
method,  we  make  any  real  progrefs.  As  an  hiftorian,  I  am  par¬ 
ticularly  pleafed,  that  the  philofophers  of  the  period  of  which  I 
am  now  treating,  publiflbed  their  works  before  their  theories 
were  exploded.  Had  the  cafe  been  otherwife,  we  ftiould  pro¬ 
bably  never  have  heard  of  them ;  whereas,  at  prefent,  we  are 
better  able  to  enter  into  their  views,  and  to  obferve  the  connec¬ 
tion  between  their  hypothefes  and  their  experiments. 

The  profefled  objedt  of  Father  Grimaldi’s  whole  book,  is  to 
determine  the  great  queftion  of  thofe  times,  viz.  whether  light 
be  a  fubftance,  or  a  quality ;  and  after  difcufling  it  very  largely, 
in  a  clofe  printed  quarto,  confifting  of  535  pages,  he  concludes, 
with  the  Ariftotelians,  that  light  is  no  real  fubftance,  but  only  a 
mode  or  property  of  bodies ;  or,  rather  in  his  own  words,  it  is  not  a 
fubjiantial,  but  an  accidental  quality.  But  it  is  not  my  bufinefs 
to  note  the  miftakes  of  great  men,  but  to  record  their  ufeful 
labours. 

I  fhall  clofe  this  fedtion  with  an  account  of  a  phenomenon  of 
vifion  obferved  by  M.  De  la  Hire,  becaufe  the  fubjedt  of  this 
fedtion,  viz.  the  inflexion  of  light,  feems  to  fupply  the  true  folu- 
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tion  of  it,  though  the  author  himfelf  thought  otherwife.  It  is 
obfervable,  he  fays,  that  when  we  look  at  a  candle,  or  any  lu¬ 
minous  body,  with  our  eyes  nearly  fhut,  rays  of  light  are  extend¬ 
ed  from  it,  in  feveral  directions,  to  a  confiderable  diftance,  like 
the  tails  of  comets.  This  appearance  exercifed  the  fagacity  of 
Defcartes,  and  Rohault,  as  well  as  of  our  author  ;  but  all  three 
feem  to  have  been  miftaken  with  refpeCt  to  it.  Defcartes  afcrib- 
ed  this  effedt  to  certain  wrinkles  in  the  furfaces  of  the  humours 
of  the  eye.  Rohault  fays  that,  when  the  eye-lids  are  nearly  clof- 
ed,  the  edges  of  them  aCt  like  convex  lenfes ;  but  our  author 
fays,  thatVhe  moifture  on  the  furface  of  the  eye,  adhering  part- 
ly  to  the  eye  itfelf,  and  partly  to  the  edge  of  the  eye  lid,  makes 
a  concave  mirror,  and  fo  difperfes  the  rays  at  their  entrance  into 
the  eye.  But  the  true  reafon  feems  to  be,  that  the  light,  paf- 
fing  among  the  eye  lafhes,  in  this  fituation  of  the  eye,  is  inflect¬ 
ed  by  its  near  approach  to  them,  and  therefore  enters  the  eye  in 
a  great  variety  of  directions.  The  two  former  of  thefe  opinions 
are  particularly  Rated  and  objected  to  by  our  author.  * 

*  Grimaldi  de  Lumine,  p.  392. 
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Observations  and  discoveries  relating  to  VISION. 

1  *  {  '  -  *  .  .  '  1  .  i  '  -  *  i  O  < :  ’  1  •  ' .  <  / 

THE  obfervations  and  difcoveries  concerning  vifion  in  this 
period  are  fo  numerous,  and  of  fuch  various  kinds,  that 
I  find  it  convenient  to  divide  my  account  of  them  into  feveral 
chapters.  The  number  and  variety  of  articles  relating  to  this 
fubjedt  is  the  more  extraordinary,  as  they  are  almoft  all  fupplied 
by  one  country,  viz.  France,  which,  in  this  period,  produced 
feveral  ingenious  perfons,  who  made  the  fubjedl  of  vifion  their 
fludy,  particularly  M.  De  la  Hire,  M.  Marriotte,  and  M.  Petit. 


CHAPTER  I. 

Discoveries  relating  to  the  STRUCTURE  OF 

THE  EYE. 

NO  perfon  ever  gave  more  attention  to  the  anatomy  of  the 
eye  than  M.  Petit,  and  as  feveral  of  his  obfervations  and 
difcoveries  are  of  importance  to  the  theory  of  vifion,  I  fhall  be¬ 
gin  this  fedtion  with  the  recital  of  them. 

It  had  long  been  obferved  that  the  choroides  in  men  is  black, 
but  no  obfervations  had  been  made  on  the  change  it  fuffers  by  age 

before 
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before  M.  Petit,  who  perceived  that  it  appears  quite  brown  un¬ 
der  the  retina  in  children,  and  grows  confiderably  brighter  as 
they  advance  in  age.  * 

All  anatomifts  after  Galen  had  thought  that  the  uvea  in 
men  was  convex,  except  Vefalius  $  but  our  author,  by  a  variety  of 
accurate  obfervations,  concludes  that  it  is  perfectly  flat,  •f* 

M.  Petit’s  obfervations  on  the  cryjlalline  humour ,  both  in  men 
and  other  animals,  are  very  numerous,  and  particularly  valuable. 
In  ferpents  and  fifties  he  obferved  that  the  cryftalline  is  nearly  fphe- 
rical,  whereas  in  all  other  animals  that  he  had  examined  it  was  len¬ 
ticular,  the  anterior  furface  being  lefs  convex  than  the  pofterior.  § 
In  all  animals,  he  obferved  that  the  cryftalline  grows  firmer 
with  age.  In  new  born  children  it  refembles  cold  jelly.  At 
1 5  or  20  it  has  an  uniform  firmnefs  of  texture,  but  though  it 
increafes  continually  after  that  period  of  life,  it  becomes  harder 
at  the  center  than  at  the  circumference.  The  cryftalline  in  men 
is  not  fo  hard  a  fubftance  as  it  is  in  birds,  quadrupeds,  and 
fifties,  in  which  it  is  harder  in  the  order  in  which  they  are  here 
mentioned.  In  fifties  the  interior  part  is  almoft  as  hard  as  horn, 
but  the  exterior  part  is  fofter  than  it  is  in  any  other  animals,  be¬ 
ing  nothing  more  than  a  mucilage. 

The  reafon  why  the  cryftalline  is  hardeft  in  the  center  is  well 
explained  by  Dr.  Porterfield,  in  a  later  period.  It  is  certain, 
fays  he,  that  the  rays  of  light  which  fall  upon  the  extremities 
of  the  cryftalline,  by  reafon  of  their  greater  obliquity,  muft  be 
more  refradted  than  thofe  which  fall  upon  its  middle,  near  its 
axis.  By  this  means  they  will  be  made  to  meet  at  different 
diftances  behind  the  cryftalline  humour ;  thofe  towards  its  ex- 

*  Ac.  Par.  1726,  H.  p.  32,  f  lb.  1728,  H.  p.  22.  §  lb.  1730,  H.  p.  45. 
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tremity  at  a  nearer,  and  thofe  near  its  axis  at  a  greater  dis¬ 
tance  ;  fo  that  it  is  impoflible  for  all  of  them  to  be  united  exact¬ 
ly  upon  the  retina,  for  rendering  the  fight  diflindl ;  and  there¬ 
fore,  to  prevent  this  inconvenience,  the  center  of  the  cryflalline 
is  more  denfe  and  Solid;  that  the  rays  of  light  which  fall 
near  its  axis  may,  in  palling  this  nucleus,  have  their  refraction 
increafed,  and  by  that  means  may  be  made  to  converge,  and  meet 
at  the  fame  point  with  thofe  that  pafs  the  cryflalline  towards  its 
edge. 

This  is  the  reafon  why  the  cryflalline  in  all  animals  is  more 
folid  in  its  center  than  externally,  and  why  in  fifhes  this  diffe¬ 
rence  is  fo  remarkable.  For  in  them,  this  humour  being  Sphe¬ 
rical,  the  rays  that  fall  upon  it  at  Some  diflance  from  its  axis, 
would  be  made  to  meet,  by  reafon  of  their  great  obliquity,  at  a 
greater  diflance  from  the  point  of  union  of  the  other  rays  that 
pafs  near  its  center,  than  in  land  animals,  which  have  this  humour 
lenticular  ;  and  therefore,  to  prevent  this  inconvenience,  which 
would  have  rendered  the  fight  exceedingly  indiflinCl,  nature  has 
provided  them  with  that  Small  folid  cryflalline,  in  the  center  of 
the  other,  whofe  denfity  far  exceeds  that  of  the  nucleus  of  land 
animals.  * 

It  had  been  known  that  the  cryflalline  in  men  lofes  of  its  con - 
•vexhy  with  age,  but  M.  Petit  obferved  that  it  changes  its  colour 
on  the  fame  account.  From  the  birth  to  the  age  of  above  25, 
he  obferved  it  to  be  perfectly  tranfparent ;  but  from  that  time 
it  begins  to  have  a  yellowifh  tinge  in  the  center,  which  grows 
deeper  continually,  and  extends  farther  and  farther  towards  the 
circumference.  He  had  Seen  two  cryflallines  of  a  perfon  who 

*  Porterfield  on  the  eye,  Vol.  i,  p.  439. 
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was  8 1  years  of  age,  which  refembled  two  pieces  of  beautiful 
yellow  amber.  The  harder  any  cryftalline  is,  the  yellower  he 
obferved  it  to  be.  * 

Leeuwenhoeck  difcovered  that  when  the  cryftalline  humour  is 
dry,  it  appears  to  be  compofed  of  many  thin  concentric  laminae, 
or  fcales,  lying  one  upon  onother,  of  which  he  fuppofes  there 
may  be  2000  in  one  cryftalline,  from  the  outermoft  to  the  cen¬ 
ter  ;  and  every  one  of  thefe  fcales,  he  fays,  he  hath  difcovered 
to  be  made  up  of  one  lingle  fibre,  or  fine  thread,  wound  in  a 
moft  ftupendous  manner  this  way  and  that  way,  fo  as  to  run 
feveral  courfes,  and  meet  in  as  many  centers,  and  yet  not  to  in¬ 
terfere  or  crofs  one  another  in  any  one  place.  In  oxen,  fheep, 
hogs,  dogs,  and  cats,  the  thread  fpreads  in  three  feveral  courfes, 
and  makes  as  many  centers ;  in  whales,  it  has  five,  but  in  hares 
and  rabbits  only  two.  In  the  whole  furface  of  an  ox’s  cryftalline, 
he  reckons  they  are  more  than  12000  fibres. 

M.  Petit  verified  what  M.  Leeuwenhoeck  had  advanced  con¬ 
cerning  the  internal  ftrudture  of  the  cryftalline,  as  confifting  of 
concentric  laminae.  This  he  found  to  be  the  cafe  by  a  careful 
difledtion,  but  principally  by  the  feparation  of  thefe  laminae  in 
acid  liquors.  § 

In  the  courfe  of  thefe  inquiries,  particularly  in  difledling  the 
eyes  of  young  animals,  he  generally  found  the  cryftalline  white 
and  opaque,  though  there  was  nothing  of  that  appearance  while 
they  were  alive ;  but  at  length  he  perceived  that  one  of  thefe 
opaque  cryftallines  became  tranfparent  by  the  warmth  of  his 
hand,  and  he  made  it  alternately  opaque  and  tranfparent,  by  cool¬ 
ing  or  heating  it,  as  long  as  he  pleafed.  || 

*  Ac.  Par.  1728.  H.  p.  47.  f  Porterfield  on  the  eye,  p.  442.  §  Ac.  Par.  1728. 
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M.  Petit  always  found  the  capfula  of  the  cryftalline  tranf- 
parent,  even  in  thofe  perfons  who  had  cataracts;  and  though  the 
cryftalline  becomes  opaque  in  the  folutions  of  feveral  forts  of 
falts,  the  capfula  never  does.  Our  author  imagined  that  he  had 
difcovered  the  cryftalline  to  have  no  connection  with  its  capfula, 
but  to  be  perfectly  infulated  in  the  fluid  it  contains ;  *  but  this 
the  more  accurate  Albinus  found  to  be  a  miftake.  He  difcover¬ 
ed  that  the  cryftalline  has  a  connection  with  its  capfula,  by  means 
of  feveral  veflels,  which  pafling  through  fome  fmall  perforations 
in  the  capfula,  are  inferted  at  the  extremities  of  it,  and  fpread 
along  the  back  part  of  it.  He  obferves,  befldes,  that  the  central 
artery  pafling  through  the  vitreous  humour,  is  divided  into  many 
branches  in  the  back  part  of  the  capfula,  and  fends  feveral 
of  them  to  the  interior  parts  of  the  cryftalline.  By  thefe  veflels 
it  is  both  fufpended,  and  receives  its  nourifhment.  -f- 

It  is  well  known  that,  for  fome  time  after  children  are  born, 

•  1"  v 

they  fee  very  imperfectly,  and  M.  Petit,  after  taking  a  great  deal 
of  pains  to  inveftigate  the  caufe  of  it,  found  it  to  be  owing,  in 
part,  to  the  thicknefs  of  their  cornea,  and  the  fmall  quantity  of 
their  aqueous  humour.  Not  that  the  mere  thicknefs  of  the 
cornea  could  have  this  effeCt ;  but  becaufe  that  thicknefs  is  ow¬ 
ing  to  its  not  being  well  ftretched,  and  confequently  having 
wrinkles  and  inequalities  on  its  furface,  which  occaflon  an  irre¬ 
gular  refraClion  of  the  light.  On  the  fame  account,  alfo,  the 
cornea  has  not  a  fufhcient  degree  of  convexity,  to  bring  the  pen¬ 
cils  of  rays  to  a  focus  foon  enough.  All  thefe  defeCts,  he  fliews, 
are  remedied  by  the  increafe  of  the  aqueous  humour.  § 

*  Ac.  Par.  1728.  H.  p.  50.  +  Mufchenbroeck’s  Introduftreo,  Vol.  2,  p.  754. 

§  Ac.  Par.  1727.  H.  p.  14. 
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M.  Petit  accounts  for  this  imperfection  of  fight  in  infants,  to 
their  eyes  being  comprefled  by  the  fluid  in  which  they  are  immerf- 
ed  in  the  womb.  He  had  alfo  the  curiofity  to  inquire  into  this 
circumftance  refpeCting  various  new  born  animals,  as  dogs,  cats, 
rabbits,  calves,  and  hogs  ;  and  he  found  in  all  of  them,  that  the 
cornea  was  thick  and  flaccid,  and  the  aqueous  humour  not  fufii- 
ciently  copious. 

It  is  poflible  that,  befides  the  fmall  quantity,  and  want  of  tranf- 
parency,  which  fome  writers  alfo  mention,  in  the  aqueous  hu¬ 
mour,  vifion  in  new  born  infants  may  be  obftruCted  by  the  re¬ 
mains  of  the  membrana  pupillaris ,  which  is  a  production  of  the 
uvea,  and  clofes  the  pupil  in  the  foetus.  This  membrane  was 

difcovered  by  the  perfon  whom  Dr.  Hunter  calls  Dr.  F - s 

S - s,  and  alfo  by  M.  Wachendorf,  Haller,  and  Albinus.  * 

Haller  fays,  that  the  time  when  this  membrane  difappears  is  un¬ 
certain,  but  he  is  confident  that  it  is  never  found  in  a  full  grown 
foetus. §  An  account  of  Albinus’s  difcovery  of  this  membrane 
may  be  feen  in  Mufchenbroeck’s  IntroduCtio,  Vol.  2,  p.  779. 

To  the  account  of  thefe  attempts  to  explain  the  ftruCture  of 
the  eye,  and  the  nature  of  vifion,  I  muft  add,  that  M.  Huygens 
firfl:  propofed,  if  he  did  not  actually  execute,  the  conftruCtion  of 
an  artificial  eye,  to  give  the  cleared:  idea  of  the  principal  pheno¬ 
mena  of  vifion,  and  efpecially  the  caufe  of  fhort-fightednefs  or 
the  contrary.  A  figure  and  defcription  of  this  eye  may  be  feen 
in  his  Dioptrics,  p.  112. 


*  Hunter’s  medical  commentaries,  part  1,  p.  63.  §  Opufcula,  p.  342. 
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CHAPTER  II. 


An  account  of  the  controversy  concerning  the 

proper  SEAT  OF  VISION. 


NO  fubjeft  relating  to  the  theory  of  vifion  was  more  canvafied 
within  this  period,  or  indeed  in  any  period,  than  that  con¬ 
cerning  the  proper  feat ,  or  injirument  of  vifion.  In  early  times, 
we  have  feen,  that  the  cryfalline  was  thought  to  be  the  belt  qua¬ 
lified  for  this  office  j  but  this  fubftance,  though  fituated  in  the 
middle  of  the  eye,  which  B.  Porta  thought  to  be  the  proper 
center  of  obfervation,  had  univerfally  given  place  to  the  better 
founded  pretentions  of  the  retina ;  and  for  many  years  its  claim 
to  this  function,  was  by  all  philofophers  fuppofed  to  be  indifpu- 


table.  Lead  of  all  was  it  imagined  that  the  choroides ,  which  is 
fituated  beyond  it,  would  ever  have  been  thought  of  for  the  pur- 
pofe  5  nor  indeed  is  it  probable  that  it  ever  would  have  been  con- 
fidered  in  that  light,  had  it  not  been  for  a  fingular  experiment  of 
M.  Marriotte,  who  firft  efpoufed  the  fentiment.  He  was  led  to 
form  this  hypothefis,  by  finding  that  one  part  of  the  retina,  viz. 
at  the  infertion  of  the  optic  nerve,  is  infenfible  to  the  impreffion 
of  light  for  when  the  image  of  any  object  falls  upon  this  part 
of  the  bottom  of  either  eye,  it  cannot  be  perceived  if  the  other 
be  ffiut. 


Having 
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Having  often  obferved,  in  the  difiedtions  of  men,  as  well  as 
of  brutes,  that  the  optic  nerve  is  not  inferted  exadtly  oppofite  to 
the  pupil,  that  is,  in  the  place  where  the  pidture  of  the  objedts, 
upon  which  we  look  diredtly,  is  made ;  and  that  in  man  it  is 
fomewhat  higher,  and  on  the  fide  towards  the  nofe,  he  had  the 
curiofity  to  examine  into  the  reafon  of  this  ftrudture,  by  throw¬ 
ing  the  image  of  an  objedt  upon  this  part  of  the  eye.  In  order 
to  this,  he  faftened  on  a  dark  wall,  about  the  height  of  his  eye, 
a  fmall  round  paper,  to  ferve  him  for  a  fixed  point  of  fight ;  and 
he  faftened  fuch  another  paper  on  the  right  hand,  at  the  diftance 
of  about  two  feet,  but  rather  lower  than  the  former,  that  the 
light  ifluing  from  it,  might  flrike  the  optic  nerve  of  his  right 
eye,  while  his  left  eye  was  kept  fhut.  He  then  placed  himfelf 
over  againft  the  former  paper,  and  drew  back  by  degrees,  keep¬ 
ing  his  right  eye  fixed,  and  very  heady  upon  it ;  and  when  he 
had  retired  about  10  feet,  he  found  that  the  fecond  paper  intirely 
difappeared. 

This,  he  fays,  could  not  be  imputed  to  the  oblique  pofition 
of  the  fecond  paper  with  refpedt  to  his  eye,  becaufe  he  could 
fee  more  remote  objedts  on  the  fame  fide.  The  effedt  was  fuch, 
as  if  the  fecond  paper  had  been  conveyed  away  by  flight  of  hand. 
This  experiment  he  repeated,  by  varying  the  diftances  of  the 
papers  and  of  his  eye.  He  alfo  made  it  with  his  left  eye,  while  the 
right  eye  was  kept  fhut,  the  fecond  paper  being  faftened  on  the 
left  fide  of  the  point  of  fight ;  fo  that,  by  the  fituation  of  the 
parts  of  the  eye,  it  could  not  be  doubted,  but  that  this  defedt  of 
vifion  is  in  the  optick  nerve,  where  only  the  choroides  is  deficient. 
The  fame  experiment  fucceeds  in  other  perfons,  though  not  ex- 
adtly  at  the  fame  diftances.* 

*  Smith’s  Opticks.  Remarks,  p.  6.  Marriotte’s  Works,  p.  496. 
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An  improvement  was  afterwards  made  upon  this  experiment 
by  M.  Picard,  who  contrived  that  an  objedt  fhould  difappear 
when  both  the  eyes  were  kept  open.  He  faftened  upon  a  wall 
a  round  white  paper,  an  inch  or  two  in  diameter  ;  and  by  the 
lide  of  it  he  fixed  two  marks,  one  on  the  right  hand,  and  the 
other  on  the  left,  each  at  about  2  feet  diftance  from  the  paper, 
and  fomewhat  higher.  He  then  placed  himfelf  diredtly  before 
the  paper,  at  the  diftance  of  9  or  10  feet,  and  putting  the  end 
of  his  finger  over  againft  both  his  eyes,  fo  that  the  left  hand 
mark  might  be  hid  from  the  right  eye,  and  the  right  hand  mark 
from  the  left  eye.  Remaining  firm  in  this  pofture,  and  looking 
fteadily,  with  both  eyes,  on  the  end  of  his  finger,  the  paper  which 
was  not  at  all  covered  by  it  would  totally  difappear.  This,  he 
fays,  is  the  more  furprifing,  becaufe,  without  this  particular  en¬ 
counter  of  the  optic  nerves,  where  no  vifion  is  made,  the  paper 

will  appear  double,  as  is  the  cafe  when  the  finger  is  not  rightly 
* 

•  » 

M.  Marriotte  obferves,  that  this  improvement  on  his  experi¬ 
ment,  by  M.  Picard,  is  ingenious,  but  difficult  to  execute,  fince 
the  eyes  muft  be  confiderably  drained  in  looking  at  any  objedt  fo 
near  to  them  as  4  inches,  and  propofes  another  not  lefs  furprifing, 
and  more  eafy.  Place,  fays  he,  on  a  dark  ground,  two  round 
pieces  of  white  paper,  at  the  fame  height,  and  three  feet  from 
one  another  ;  then  place  yourfelf  oppofite  to  them,  at  the  dif¬ 
tance  of  1 2  or  1 3  feet,  and  hold  your  thumb  before  your  eyes, 
at  the  diftance  of  about  8  inches,  fo  that  it  may  conceal  from 
the  right  eye  the  paper  that  is  to  the  left  hand,  and  from  the 
left  eye  the  paper  to  the  right  hand.  Then  if  you  look  at  your 

*  lytarriottc’s  Works,  p.  506. 
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thumb  fteadily,  with  both  eyes,  you  will  lofe  fight  of  both  the 
papers ;  the  eyes  being  fo  difpofed,  that  each  of  them  receives 
the  image  of  one  of  the  papers  upon  the  bafe  of  the  optic  nerve, 
while  the  other  is  intercepted  by  the  thumb.* 

M.  Le  Cat  purfued  this  curious  experiment  a  little  farther 
than  M.  Marriotte  had  done.  In  the  place  of  the  fecond  paper, 
he  fixed  a  large  white  board,  and  obferved  that,  at  a  proper  dis¬ 
tance,  he  loft  fight  of  a  circular  fpace  in  the  center  of  it.  He 
alfo  obferved  the  fize  of  the  paper  which  is  thus  concealed  from 
the  fight,  correfponding  to  feveral  diftances,  which  enabled  him 
to  afcertain  feveral  circumftances  relating  to  this  part  of  the  ftruc- 
ture  of  the  eye  more  exactly  than  had  been  done  before. 

Keeping  his  eye  fixed  upon  the  point  A.  fig.  59,  and  with¬ 
drawing  it,  in  the  line  AP,  he  carefully  meafured  the  fizes  and 
diftances  of  the  circles  a ,  b ,  c ,  which  difappeared  when  he  was 
at  certain  diftances  from  the  point  A ;  and  upon  the  whole  he 
found,  that  to  make  this  fecond  paper  difappear,  this  feries  of 
dark  circles  form  a  dark  cone,  BAC,  with  an  angle  of  near  24 
degrees,  the  upper  fide  AB  being  near  5  degrees  below  the  hori¬ 
zontal  line,  and  the  axis  AD  palling  through  the  centers  of  all 
thefe  circles,  being  about  7  degrees  below  it.  Thefe  obfer- 
vations  furnifhed  him  with  data  fuflicient  to  determine  the  place 
of  the  infertion  of  the  optic  nerve  in  any  particular  eye.  By 
this  means  he  found  that,  in  himfelf,  it  was  f  nearer  to  the  axis 
of  the  eye  than  it  was  in  M.  Marriotte.  From  the  fame  data 
he  computed  the  fize  of  this  place  in  which  there  is  no  vifion, 
and  found  it  to  be  no  larger  than  the  head  of  a  fmall  pin,  viz. 
i  or  i  of  a  line.  § 

*  Marriotte’s  Works,  p.  516.  §  Traite  des  Sens,  p.  471. 
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The  manner  in  which  this  curious  experiment  is  now  general¬ 
ly  made,  and  which  is  both  the  eafieft  with  refpedt  to  the  eye, 
and  the  mod:  indifputable  with  refpedt  to  the  fa<tt,  is  the  follow¬ 
ing.  Let  three  pieces  of  paper,  A,B,  and  C,  fig.  60,  be  fattened 
upon  the  fide  of  a  room,  about  2  feet  afunder,  and  let  a  perfon 
place  himfelf  oppofite  to  the  middle  paper,  and,  beginning  pret¬ 
ty  near  to  it,  retire  gradually  backwards,  all  the  while  keeping 
one  of  his  eyes  fliut,  and  the  other  turned  obliquely  towards  that 
outfide  paper  which  is  toward  the  covered  eye,  and  he  will  find  a 
fituation  (which  is  generally  at  about  five  times  the  dittance  at 
which  the  papers  are  placed  from  one  another)  where  the  middle 
paper  will  intirely  difappear,  while  the  two  outermoft  continue 
plainly  vifible ;  becaufe,  as  is  evident  from  the  figure,  the  rays 
which  come  from  B  will  fall  upon  the  retina  at  D,  where  is  the 
infertion  of  the  optic  nerve. 

It  will  not  furprize  any  perfon,  even  thofe  who  are  the  ftrong- 
ett  advocates  for  the  retina  being  the  place  at  which  the  pencils  of 
rays  are  terminated,  and  confequently  the  proper  feat  of  vifion, 
that  M.  Marriotte  was  led,  by  this  remarkable  obfervation,  to  luf- 
pe<5t  the  contrary.  He  not  only  did  fo,  but,  in  confequence  of 
attentively  confidering  the  fubjedt,  a  variety  of  other  arguments, 
in  favour  of  the  choroides,  occurred  to  him,  particularly  his  ob¬ 
fervation,  that  the  retina  is  tranfparent,  as  well  as  the  cryftalline, 
and  other  humours  of  the  eye,  which  he  thought  could  only 
enable  it  to  tranfmit  the  rays  farther ;  and  he  could  not  perfuade 
himfelf  that  any  fubftance  could  be  confidered  as  being  the  ter¬ 
mination  of  the  pencils,  and  the  proper  feat  of  vifion ,  at  which 
the  rays  are  not  flopped  in  their  progrefs. 


B  b 
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He  was  farther  confirmed  in  his  opinion,  of  the  fmall  degree 
of  fenfibility  in  the  retina,  and  of  the  greater  fenfibility  of  the 
choroides,  by  obferving  that  the  pupil  dilates  itfelf  in  the  fhade, 
and  contradls  itfelf  in  a  great  light ;  which  involuntary  motion, 
he  thought,  was  a  clear  proof,  that  the  fibres  of  the  iris  are  ex¬ 
tremely  fenfible  to  the  adlion  of  light ;  and  this  part  of  the  eye 
is  only  a  continuation  of  the  choroides.*  He  alfo  thought  that 
the  dark  colour  of  the  choroides  was  intended  to  make  it  more 
fufceptible  of  the  imprefiion  of  light. 

M.  Pecquet,  in  arifwer  to  M.  Marriotte’s  obfervation  concern¬ 
ing  the  tranfparency  of  the  retina,  fays,  that  it  is  very  imperfedt- 
ly  fo,  refembling  only  oiled  paper,  or  the  horn  that  is  ufed  for 
lanterns  ;  and  belides,  that  its  whitenefs  demonflrates  it  to  be 
fufficiently  opaque  for  flopping  the  rays  of  light,  as  much  as  is 
neceffary  for  the  purpofe  of  vifion  ;  whereas,  if  vilion  be  per¬ 
formed  by  means  of  thofe  rays  which  are  tranfmitted  through  fuch 
a  fubflance  as  the  retina,  it  mufl  be  very  indiflindl. 

As  to  the  blacknefs  of  the  choroides,  which  M.  Marriotte 
thought  to  be  neceffary  for  the  purpofe  of  vifion,  M.  Pecquet  ob- 
ferves,  that  it  is  not  the  fame  in  all  eyes,  and  that  there  are  very 
different  fhades  of  it  among  the  individuals  of  mankind,  as  alfo 
among  birds,  and  fome  other  animals,  whofe  choroides  is  ge¬ 
nerally  black,  and  that  in  the  eyes  of  lions,  camels,  bears,  oxen, 
flags,  fheep,  dogs,  cats,  and  many  other  animals,  that  part  of  the 
choroides  which  is  the  mofl  expofed  to  light,  very  often  exhibits 
colours  as  vivid  as  thofe  of  mother  of  pearl,  or  of  the  iris.-f* 

*  Smith’s  Opticks.  Remarks,  p.  7.  f  M.  Muflchenbroeck  fays,  that  in  many  ani¬ 
mals,  as  in  the  lion,  camel,  bear,  ox.  flag,  Iheep,  dog,  cat,  and  many  birds,  the  choroides 
is  not  black,  but  blue  green,  yellow,  or  fome  other  colour,  Introduttio,  Vol,  2,  p.  748. 
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He  admits  that  there  is  a  defed  of  vifion  at  the  infertion  of  the 
optic  nerve,  but  he  thought  that  it  was  owing  to  the  blood  vef- 
fels  of  the  retina,  the  trunks  of  which  are  fo  large  in  that  place, 
as  toobflrud  all  vifion.  *  v.  , 

To  M.  Pecquet’s  objedion,  founded  on  the  opacity  of  the  re- 

-  ft 

tina,  M.  Marriotte  obferves,  that  there  mufl:  be  a  great  difference 
betwixt  the  date  of  that  fubflance  in  living  and  dead  fubjeds, 
and  a-s  a  farther  proof  of  the  tranfparency  of  the  retina,  and  the 
power  of  the  choroides,  beyond  it,  to  refled  light,  he  fays  that, 
if  a  lighted  candle  be  held  near  to  a  perfon’s  eyes,  and  a  dog,  at 
the  diflance  of  eight  or  ten  fleps,  be  made  to  look  at  him,  he 
would  fee  a  bright  light  in  the  dog’s  eyes,  which  he  thought  to 
proceed  from  the  refledion  of  the  light  of  the  candle,  from  the 
choroides  of  the  dog,  fince  the  fame  appearance  cannot  be  pro¬ 
duced  in  the  eyes  of  men,  or  other  animals,  whofe  choroides  is 
black. -f* 

To  M.  Pecquet’s  remark  concerning  the  blood  veflels  of 
the  retina,  M.  Marriotte  obferves,  that  they  are  not  large  enough 
to  prevent  vifion  in  every  part  of  the  bafe  of  the  nerve,  fince  the 
diameter  of  each  of  the  two  veflels  occupy  no  more  than  i-  part 
of  it.  §  Befldes,  if  this  were  the  caufe  of  this  want  of  vifion,  it 
would  vanifh  gradually,  and  the  fpace  to  which  it  is  confined, 
would  not  be  fo  exadly  terminated  as  it  appears  to  be. 

I  mufl:  add,  that  M.  Pecquet  alfo  obferved ;  that,  notwith- 
{landing  the  infenfibility  of  the  retina  at  the  infertion  of  the  optic 
nerve  when  the  light  is  only  moderate  ;  yet  that  luminous  ob- 
jeds,  fuch  as  a  bright  candle,  placed  at  the  diflance  of  4  or  5 
paces,  do  not  abfolutely  difappear,  in  the  fame  circumflances  in 

*  Marriotte’s  Works,  p.  504.  f  lb.  p.  509.  §  lb.  p.  514. 
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which  a  white  paper  would ;  for  that  this  ftrong  light  may  be 
perceived  though  the  picture  fall  on  the  bafe  of  the  nerve. 
I  cannot  help  fufpsding,  however,  that  M.  Pecquet  did  not  make 
this  obfervation  with  fufficient  care.  A  large  candle  makes  no 
imprcfiion  on  that  part  of  my  eye,  though  it  is  by  no  means  able 
to  bear  a  ftrong  light. 

The  common  opinion  was  alfo  favoured  by  the  anatomical 
defcription  of  feveral  animals  by  the  members  of  the  French 
academy,  and  particularly  their  account  of  the  fea-calf,  and 
porcupine ;  in  both  of  which  the  optic  nerve  is  inferted  in  the 
very  axis  of  the  eye,  exactly  oppolite  to  the  pupil,  which  was 
thought  to  leave  no  room  to  doubt  but  that,  in  thefe  animals, 
the  retina  is  perfedly  fenfible  to  the  impreflion  of  light  at  the 
infertion  of  the  nerve.  *  But  this  obfervation  may  deferve  to  be 
reconfidered.  f  , 

M.  D  la  Hire,  by  whom  nothing  relating  to  vifion  could  pafs 
unnoticed,  took  part  with  M.  Pecquet,  arguing  in  favour  of  the 
retina  from  the  analogy  of  the  fenfes,  in  all  of  which  the  nerves 
are  the  proper  feat  of  fenfation.  -f*  This  philofopher,  however 
fuppofed  that  the  choroides  receives  the  impreflions  of  images, 
in  order  to  tranfmitthem  to  the  retina.  § 

M.  Perrault  alfo  took  the  part  of  M.  Pecquet  again#  M. 
Marriotte,  and  in  M.  Perrault’s  works  we  have  feveral  letters  that 
paffed  between  thefe  two  gentlemen  upon  this  fubjed. 

This  difpute  about  the  immediate  inflrument  of  vifion  was 
revived  upon  the  occafion  of  an  odd  experiment  of  M.  Mery, 
recorded  in  the  memoirs  of  the  French  academy  for  1704.  He 

*  Porterfield  on  the  eye,  Vo’.  2,  p.  255.  +  Smith’s  Opticks,  Remarks,  p.  7. 

§  Ac.  Par.  for  tq  1 1,  H.  p.  102, 
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plunged  a  cat  in  water,  and,  expofing  her  eye  to  the  Strong  light 
of  the  fun,  obferved  that  the  pupil  was  not  at  all  contra&ed 
by  it ;  from  which  he  concluded,  that  the  contraction  of  the 
iris  is  not  produced  by  the  aCtion  of  the  light,  but  by  fome  other 
circumftance.  For  he  contended  that  the  eye  receives  more 
light  in  this  fituation  than  in  the  open  air.  At  the  fame  time  he 
thought  he  obferved  that  the  retina  of  the  cat’s  eye  was  tranf- 
parent,  and  that  he  could  fee  the  opaque  choroides  beyond  it  * 
from  which  he  concludes,  that  the  choroides  is  the  fub fiance  in¬ 
tended  to  receive  the  rays  of  light,  and  to  be  the  chief  inStru- 
ment  of  vilion.  But  M.  De  la  Hire  replies  to  this  argument  of 
M.  Mery,  in  a  memoir  for  the  year  1709,  p.  119 ;  in  which  he 
endeavours  to  Shew  that  fewer  rays  enter  the  eye  under  water, 
and  that,  in  thofe  circumflances,  it  is  not  fo  liable  to  be  affeCted 
by  them.  Befides,  it  is  obvious  to  be  remarked,  that  the  cat 
muft  be  in  great  terror  in  this  fituation ;  and  being  an  animal 
that  has  a  very  great  voluntary  power  over  the  mufcles  of  the 
iris,  and  being  now  extremely  attentive  to  every  thing  about 
her,  flue  might  keep  her  eye  open,  notwithstanding  the  action 
of  the  light  upon  it,  and  though  it  might  be  very  painful  to  her. 
I  am  informed  that,  when  a  cat  is  placed  in  a  window,  through 
which  the  fun  is  Shining,  and  consequently  her  iris  nearly  clofed, 
if  fhe  hear  a  milling,  like  that  which  is  made  by  a  moufe,  on 
the  outfide  of  the  window,  (he  will  immediately  open  her  eyes 
to  their  greateft  extent,  without,  in  the  leafl,  turning  her  face 
from  the  light. 

M.  Le  Cat  took  part  with  M.  Marriotte  in  this  controverfy,  it 
being  peculiarly  agreeable  to  this  general  hypothefis,  viz.  that  the 
pia  mater,  of  which  the  choroides  is  a  production,  and  not  the 
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nerves  themfelves,  is  the  proper  inftrument  of  fenfation.  *  He 
thought  that  the  change  which  takes  place  in  the  eyes  of  old 
people  (the  choroides  growing  lefs  black  with  age)  favoured  his 
hypothecs,  as  they  do  not  fee  with  that  diftindtnefs  with  which 
young  perfons  do.  ||  M.  Le  Cat  fuppofed  that  the  retina  anfwers 
a  purpofe  fimilar  to  that  of  the  fcarf  Ikin,  covering  the  papillse 
pyramidales,  which  are  the  immediate  organ  of  feeling,  or  that 
of  the  porous  membrane  which  covers  the  glandulous  papillae  of 
the  tongue.  The  retina,  he  fays,  receives  the  impreflion  of  light, 
moderates  it,  and  prepares  it  for  its  proper  organ,  but  is  not  it- 
felf  fenfible  of  it.-p  -  -  * 

It  muft  be  obferved,  that  M.  Le  Cat  had  difcovered  that  the 
pia  mater,  after  clofely  embracing  and  conftringing  the  optic 
nerve  at  its  entrance  into  the  eye,  divides  into  two  branches,  one 
of  which  clofely  lines  the  cornea,  and  at  length  is  loft  in  it, 
while  the  fecond  branch  makes  what  is  called  the  choroides,  or 
uvea.§  He  alfo  ftiewed  that  the  fcl  erotica  is  an  expanfton  of  the 
dura  mater 3  and  he  fent  diftedtions  of  eyes  to  the  royal  academy 
of  fciences  in  1739,  to  prove  thefe  alTertions,  and  feveral  others 
which  he  had  advanced  in  his  Traite  des  * Sens,  that  were  contrary 
to  the  opinions  of  the  celebrated  Window.  J 

To  thefe  arguments  in  favour  of  the  choroides,  alledged  by 
thofe gentlemen  among  whom  the  fubjedt  was  firft  difcufted,  I  ihall 
beg  leave  to  prefent  to  my  reader  fome  others,  which  efcaped 
their  notice,  but  which  were  fuggefted  to  me  by  my  friend 
Mr.  Michell. 

In  order  that  vifion  be  diftintft,  the  pencils  of  rays,  which  if- 
fue  from  the  feveral  points  of  any  objedt,  muft  be  collected  ei- 

*  Traite  des  Sens,  p.  176.  ||Ib.p.  178.  f  Ib.p.  180.  §Ib.p.  153.  J  Ac.Par.  1739,  H.p.  25. 
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ther  accurately,  or,  at  leaft,  very  nearly  to  correfponding  points  in 
the  eye,  which  can  only  be  done  upon  fome  uniform  furface. 
But  the  retina,  being  of  a  confiderable  thicknefs,  and  the  whole 
of  it  being  uniformly  nervous,  and,  at  leaf!:,  nearly,  if  not  perfect¬ 
ly  tranfparent,  prefents  no  particular  furface ;  fo  that,  in  what¬ 
ever  part  of  it  the  pencils  be  fuppofed  to  have  their  foci,  the  rays 
belonging  to  them  will  be  feparated  from  one  another,  either  be¬ 
fore  or  after  they  arrive  there,  and  confequently  viflon  would  be 
confufed. 

If  we  fuppofe  the  feat  of  vifion  to  be  at  the  nearer  furface  of 
the  retina,  and  the  images  of  objeCts  be  formed  by  direCt  rays, 
a  confiderable  degree  of  confufion  could  not  but  arife  from  the 
light  reflected  by  the  choroides,  in  thofe  animals  in  which  it  is 
white,  or  coloured.  On  the  other  hand,  it  would  be  impoflible 
that  vilion  fhould  be  performed  at  this  place  by  light  reflected 
from  the  choroides,  becaufe,  in  many  animals,  it  is  perfectly 
black,  and  reflects  no  light  at  all ;  and  yet  fuch  animals  fee  even 
more  diflinCtly  than  others.  And  we  cannot  but  fuppofe  that, 
in  whatever  manner  vifion  is  effected,  it  is  the  fame  in  the  eyes 
of  all  animals. 

If  the  feat  of  vifion  be  at  the  farther  furface  of  the  retina,  and 
it  be  performed  by  direCt  rays,  a  white  choroides  could  be  of  no 
ufe ;  and  if  it  were  by  reflected  rays,  a  black  one  could  not  an- 
fwer  the  purpofe. 

It  is  likewile  an  argument  in  favour  of  the  choroides  being  the 
organ  of  vifion,  that  it  is  a  fubftance  which  receives  a  more  dif- 
tinCt  impreffion  from  the  rays  of  light  than  any  other  membrane 
in  any  part  of  the  animal  fyltem,  excepting  (and  perhaps  not  ex¬ 
cepting)  that  white  cuticle,  which  lies  under  the  fcales  of  fillies ; 
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whereas  the  retina  is  a  fubftance  on  which  the  light  makes  an  ex¬ 
ceedingly  faint  impreffion,  and  perhaps  no  impreffion  at  all ;  lince 
light,  in  palling  out  of  one  tranfparent  medium  into  another  im¬ 
mediately  contiguous  to  it,  fuffers  no  refraction  or  reflexion,  nor 
are  any  of  the  rays  abforbed,  unlefs  there  is  fome  difference  in 
the  refraCting  power  of  the  two  media,  which  probably  is  not  the 
cafe  between  the  retina  and  the  vitreous  humour,  which  is  in 
contaCt  with  it.*  And  wherever  the  light  is  not  affeCted  by  the 
medium  it  falls  upon,  we  can  hardly  fuppole  the  medium  to  re¬ 
ceive  any  impreffion  from  the  light,  the  aCtion  being  probably 
always  mutual  and  reciprocal. 

Befides,  the  retina  is  fo  fituated,  as  to  be  expofed  to  many  rays 
befides  thofe  which  terminate  in  it,  and  which,  therefore,  cannot 
be  fubfervient  to  vilion,  if  it  be  performed  there.  Now  this  is 
not  the  cafe  with  the  choroides,  which  is  in  no  cafe  tranfparent, 
and  has  no  reflecting  fubftance  beyond  it. 

It  is,  moreover,  peculiarly  favourable  to  the  hypothefis  of  the 
feat  of  vilion  being  in  the  choroides,  that  we  can  then  fee  a  fuflicient 
reafon  for  the  diverflty  of  its  colour  in  different  animals,  accord¬ 
ing  as  they  are  circumstanced  with  refpeCt  to  vilion.  In  all  ter- 
reltrial  animals,  which  have  occalion  to  make  ufe  of  their  eyes 
by  night,  the  choroides  is  either  of  a  bright  white,  or  of  fome 
very  vivid  colour,  which  reflects  the  light  very  flrongly.  On 
this  account  vilion  may  be  performed  with  lefs  light,  but  it  can¬ 
not  be  with  great  diltinCtnefs,  the  reflection  of  the  rays  doubling 

*  This  reafoning  is  illuftrated  and  enforced  by  an  obfervation  of  Mr.  Melville,  of 
which  an  account  will  be  given  in  the  laft  period  of  this  hiftory,  viz.  that  there  is  neither 
heat,  nor  any  other  fenfible  effeft,  at  the  focus  of  the  ftrongeft  burning  mirror,  in  air, 
water,  or  any  perfe&ly  tranfparent  medium. 
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their  effect ;  fince  it  muft  extend  over  fome  fpace,  all  reflexion 
being  made  at  a.  diftance  from  the  reflecting  body.  Befldes,  the 
choroides  in  brutes  is  not  in  general  perfectly  white,  but  a  little 
inclined  to  blue,  and  is  therefore,  probably,  better  adapted  to  fee 
by  the  fainter  coloured  light,  which  chiefly  prevail^  in  the  night ; 
and,  I  would  add,  is,  on  the  fame  account,  more  liable  to  be 
ltrongly  imprefled  by  the  colours  to  which  they  are  chiefly 
expofed. 

On  the  other  hand  the  choroides  of  birds  in  general,  efpcci- 
ally  eagles,  hawks,  and  other  birds  of  prey,  is  black ;  by  which 
means  they  are  able  to  fee  with  the  greatefl:  diftindtnefs,  but 
only  in  bright  day  light.  The  owl,  however,  feeking  her  food 
by  night,  has,  if  I  miftake,  not  the  choroides  white,  like  that 
of  a  cat.  Laftly,  in  the  eyes  of  man,  which  are  adapted  to  va¬ 
rious  ufes,  the  choroides  is  neither  fo  black  as  that  of  birds,  nor 
fo  white  as  that  of  thofe  animals  who  make  the  greatefl;  ufe  of 
their  eyes  in  the  night. 

As  to  a  third  hypothefls,  which  is,  in  efteCt,  that  of  M.  De  la 
Hire,  which  makes,  both  the  retina  and  the  choroides  equally 
neceflary  to  viflon,  and  fuppofe  it  be  performed  by  the  impreflion 
of  light  on  the  choroides  communicated  to  the  retina  ;  Mr. 
Michell  obferves,  that  the  perceptions  can  hardly  be  fuppofed  to 
be  fo  acute,  when  the  nerves  which  are  the  chief  inftruments  of 
fenfation,  do  not  receive  the  impreffions  immediately,  but  only 
after  they  have  been  communicated  to  another  fubftance.  Be- 
lides  it  muft  be  more  natural  to  fuppofe  that,  when  the  principal 
impreflion  is  made  upon  the  chorides,  it  is  communicated  to  the 
brain  by  its  own  proper  nerves,  which  are  abundantly  fuflicient 
for  the  purpoxe. 
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It  is  of  little  confequence  to  the  reader  how  the  mind  of  an 
hiftorian  is  affected  by  the  arguments,  which  it  is  his  bufinefs 
to  lay  before  him  3  but  I  muft  own  that,  after  having  retained 
my  prejudice  in  favour  of  the  retina,  notwithftanding  all  that 
was  advanced  byM.  Marriotte,  and  the  advocates  for  his  opinion 
among  his  countrymen,  the  arguments  of  Mr.  Michell  in  favour 
of  the  choroides,  have  more  weight  with  me  than  I  was  at  firft 
either  able  to  perceive,  or  willing  to  acknowledge,  in  thofe  of 
the  French  philofophers. 


CHAPTER  III.  * 
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MISCELLANEOUS  observations  concerning  vision. 
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IT  had  been  taken  for  granted  by  all  philofophers,  that  the 
place  to  which  the  eye  refers  any  vifible  object,  feen  by  re¬ 
flexion  or  refraction,  is  that  in  which  the  vifual  ray  meets  a  per¬ 
pendicular  from  the  objeCt  upon  the  reflecting  or  the  refraCting 
plane.  That  this  is  the  cafe  with  refpeCt  to  plane  mirrors,  is  uni- 
verfally  acknowledged,  and  fome  experiments  with  mirrors  of 
other  forms  feem  to  favour  the  fame  conclufion,  and  thereby  give 
room  to  extend  the  analogy  to  all  cafes  of  vifion.  If  a  right  line 
be  held  perpendicularly  over  a  convex  or  concave  mirror,  its 
image  feems  to  make  one  line  with  it.  The  fame  is  the  cafe 
with  a  right  line  held  perpendicularly  within  water 3  for  the  part 
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which  is  within  the  water  feems  to  be  a  continuation  of  that 
which  is  without,  at  leaft  when  it  is  viewed  with  no  more  than 
common  attention,  and  in  fome  pofitions.  But  Dr.  Barrow,  cal¬ 
led  in  question  this  method  of  judging  of  the  place  of  an  objedt, 
and  thereby  opened  a  new  field  of  inquiry  and  debate  in  this 
branch  of  fcience.  This,  and  other  optical  inveftigations,  he 
publifhed  in  his  Optical  lettures,  that  were  firfl  printed  in  the 
year  1674. 

With  refpedt  to  the  refledted  image  of  a  perpendicular  right 
line  from  a  convex  or  a  concave  furface,  he  fays,  it  is  not  eafy  for 
the  eye  to  diftinguifh  the  curve  that  it  really  makes ;  and  that,  if 
the  appearance  of  a  perpendicular  thread,  part  of  which  is 
plunged  in  water,  be  clofely  attended  to,  it  will  not  favour  the 
common  hypothecs.  If  the  thread  be  of  any  fhining  metal,  as 
filver,  and  it  be  viewed  obliquely,  he  fays  that  the  image  of  the 
part  immerfed,  will-appear  fenfibly  to  detach  itfelf  from  that  part 
which  is  without  the  water ;  fo  that  it  cannot  be  true,  that  every 
objedt  appears  to  be  in  the  place  where  the  refradted  ray  meets 
the  perpendicular  j  and  the  fame  obfervation  he  thinks  may  be 
extended  to  the  cafe  of  reflexion. 

Having,  as  he  imagined,  refuted  the  common  hypothefis  con¬ 
cerning  the  fuppofed  place  of  vifible  objedts,  he  fubftitutes  ano¬ 
ther  rule,  by  which,  he  fays,  our  judgments  are  adtually  diredted 
in  this  cafe.  According  to  this  writer,  we  refer  every  point  of  an 
objedt  to  the  place  from  which  the  pencils  of  light,  that  give  us 
the  image  of  it,  iffue,  or  from  which  they  would  have  iflued,  if 
no  refledting  or  refradting  fubftance  intervened.  Purfuing  this 
principle,  our  excellent  geometrician  proceeds  to  inveftigate  the 
place,  in  which  the  rays  ifluing  from  each  of  the  points  of  an 
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object,  and  which  reach  the  eye  after  one  reflexion  or  refradtion, 
meet ;  and  he  found  that,  if  the  refradting  furface  was  plane, 
and  the  refradtion  was  made  from  a  denfer  medium  into  a  rarer, 
thofe  rays  would  always  meet  in  a  place  between  the  eye  and  a 
perpendicular  to  the  point  of  incidence.  If  a  convex  mirror 
be  ufed,  the  cafe  will  be  the  fame  $  but  if  the  mirror  be  plane, 
the  rays  will  meet  in  the  perpendicular,  and  beyond  it  if  it  be  con¬ 
cave.  He  alfo  determined,  according  to  thefe  principles,  what 
form  the  image  of  a  right  line  will  take,  when  it  is  prefented  in 
different  manners  to  a  fpherical  mirror,  or  when  it  is  feen  through 
a  refradting  medium.  But  to  recite  his  conclufions,  though  cu¬ 
rious  and  elegant,  would  carry  us  too  far  into  the  bufinefs  of 
geometry.  We  fee  by  thefe  inveftigations,  how  near  this  geo¬ 
metrician  came  to  the  difcovery  of  caufiic  curves ,  of  which  an 
account  will  be  given  hereafter,  and  which,  I  fhall  juft  obferve 
at  prefent,  are  no  other  than  the  locus  of  all  thofe  images  of  the 
fame  point,  that  are  feen  by  reflexion  or  refradtion  from  all  the 
different  places  where  an  eye  can  be  fituated.  It  is  probable  that 
the  confideration  of  what  Barrow  had  done,  enabled  Tfchirn- 
haufen  to  make  the  difcoveries  that  he  did  in  this  way. 

Probable,  as  Dr.  Barrow  thought  the  maxim  which  he  endea¬ 
voured  to  eftablifh,  concerning  the  fuppofed  place  of  vifible  ob- 
jedts,  he  has  the  candour  to  mention  an  objedtion  to  it,  and  to 
acknowledge  that  he  was  not  able  to  give  a  fatisfadtory  folution 
of  it.  It  is  this.  Let  an  objedt  be  placed  beyond  the  focus  of 
a  convex  lens,  and  if  the  eye  be  clofe  to  the  lens,  it  will  appear 
confufed,  but  very  near  to  its  true  place.  If  the  eye  be  a  little 
withdrawn,  the  confufion  will  increafe,  and  the  objedt  will  feem 
to  come  nearer  j  and  when  the  eye  is  very  near  the  focus,  the 
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confufion  will  be  exceedingly  great,  and  the  objedt  will  feem  to  be 
clofe  to  the  eye.  But  in  this  experiment  the  eye  receives  no  rays 
but  thofe  that  are  converging,  and  the  point  from  which  they 
blue  is  fo  far  from  being  nearer  than  the  objedt,  that  it  is  beyond 
it ;  notwithstanding  which,  the  object  is  conceived  to  be  much 
nearer  than  it  is,  though  no  very  diftindt  idea  can  be  formed  of 
its  precife  diftance.  I  would  obferve  that,  in  reality,  the  rays 
falling  upon  the  eye,  in  this  cafe,  in  a  manner  quite  different 
from  that  in  which  they  fall  upon  it  in  other  circumftances,  we  can 
form  no  judgment  about  the  place  from  which  they  iffue.  This 
fubjedt  was  afterwards  taken  up  by  Berkley,  Smith,  Montucla, 
and  others ;  but  as  the  recital  of  their  remarks  would  carry  me 
too  far  beyond  the  bounds  of  this  period,  I  fhall  leave  the  mat¬ 
ter  in  fufpence,  till  I  can  introduce  them  without  fo  great  a  vio¬ 
lation  of  hiftorial  order.* 

M.  De  la  Hire  made  feveral  valuable  obfervations  concerning 
the  diftance  of  vifible  objedts,  and  various  other  phenomena  of 
vifion,  which  are  well  worth  our  notice.  He  alfo  took  parti¬ 
cular  pains  to  afcertain  the  manner  in  which  the  eye  conforms 
itfelf  to  the  view  of  objedts  placed  at  different  diftances,  but  as 
he  did  not  hit  upon  the  right  hypothecs,  I  fhall  referve  his  ob¬ 
fervations  on  this  fubjedt  for  the  laft  period  of  this  hiftory,  in 
which  this  bufinefs  was  much  better  handled. 

He  enumerates  five  circumftances,  which  affift  us  in  judging 
of  the  diftance  of  objedts,  namely  their  apparent  magnitude, 
the  ftrength  of  the  colouring,  the  diredtionof  the  two  eyes,  the 
parallax  of  the  objedts,  and  the  diftindtnefs  of  their  fmall  parts. 
Painters,  he  fays,  can  only  take  advantage  of  the  two  firft  men- 


*  Montucla,  Vol.  2.  p.  599,. 
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tioned  circumftances,  and  therefore  pictures  can  never  perfectly 
deceive  the  eye ;  but  in  the  decorations  of  theatres,  they,  in  fome 
meafure,  make  ufe  of  them  all.  The  fize  of  objects,  and  the 
ftrength  of  their  colouring  are  diminifhed  in  proportion  to  the 
diftance  at  which  they  are  intended  to  appear.  Parts  of  the  fame 
objeCt  which  are  to  appear  at  different  diftances,  as  columns  in 
an  order  of  architecture,  are  drawn  upon  different  planes,  a  little 
removed  from  one  another,  that  the  two  eyes  may  be  obliged  to 
change  their  direction,  in  order  to  diftinguifh  the  parts  of  the 
nearer  plane  from  thofe  of  the  more  remote.  The  fmall  diftance 
of  the  planes  ferves  to  make  a  fmall  parallax,  by  changing  the 
pofition  of  the  eye ;  and  as  we  do  not  preferve  a  diftinCt  idea  of 
the  quantity  of  parallax,  correfponding  to  the  different  diftances 
of  objects,  it  is  fuflicient  that  we  perceive  there  is  a  parallax,  to 
be  convinced  that  thefe  planes  are  diftant  from  one  another, 
without  determining  what  that  diftance  is ;  and  as  to  the  laft 
circumftance,  viz.  the  diftinCtnefs  of  the  fmall  parts  of  objects,  it  is 
of  no  ufe  in  difcovering  the  deception,  on  account  of  the  falfe 
light  that  is  thrown  upon  thefe  decorations.  * 

To  thefe  obfervations  concerning  deceptions  of  fight,  I  fhall 
add  a  fimilar  one  of  M.  Le  Cat,  who  took  notice  that  the  reafon 
why  we  imagine  objects  to  be  larger  when  they  are  feen  through 
a  miff,  is  the  dimnefs  or  obfcurity  with  which  they  are  then 
feen;  this  circumftance  being  affociated  with  the  idea  of  great 
diftance.  This  he  fays  is  confirmed  by  our  being  furprized  to 
find,  upon  approaching  fuch  objeCts,  that  they  are  fo  much 
nearer  to  us,  as  well  as  fo  much  fmaller9  than  we  had  imagined.  § 

*  Accidens  de  la  Vue,  p.  358.  §  Traite  des  Sens,  p.  260, 
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Among  other  cafes  concerning  vifion,  which  fell  under  the 
confideration  of  M.  De  la  Hire,  he  mentions  one  which  is  of 
difficult  folution.  It  is  when  a  candle,  in  a  dark  place,  and 
fituated  beyond  the  limits  of  diftindt  vifion  is  viewed  through  a 
very  narrow  chink  in  a  card,  in  which  cafe  a  confiderable  num¬ 
ber  of  candles,  fometimes  fo  many  as  fix,  will  be  feen  along  the 
chink.  This  appearance  he  afcribes  to  fmall  irregularities  in 
the  furface  of  the  humours  of  the  eye,  the  effedt  of  which  is  not 
fenfible  when  rays  are  admitted  into  the  eye  through  the  whole 
extent  of  the  pupil,  and  confequently  one  principal  image  effaces 
a  number  of  fmall  ones;  whereas,  in  this  cafe,  each  of  them  is 
formed  feparately,  and  no  one  of  them  is  fo  confiderable,  as  to 
prevent  the  others  from  being  perceived  at  the  fame  time.  * 
There  are  few  perfons,  M.  DeHa  Hire  obferves,  who  have 
both  their  eyes  perfedtly  equal,  not  only  with  refpedt  to  the 
limits  of  diftindt  vifion,  but  alfo  with  refpedt  to  the  colour  with 
which  objedts  appear  tinged,  when  they  are  viewed  by  them, 
efpecially  if  one  of  the  eyes  have  been  expofed  to  the  imprefiion 
of  a  ftrong  light.  To  compare  them  together  in  this  refpedt,  he 
diredts  us  to  take  two  thin  cards,  and  to  make  in  each  of  them 
a  round  hole,  of  a  third  or  a  fourth  of  a  line  in  diameter,  and  ap¬ 
plying  one  of  them  to  each  of  the  eyes,  to  look  through  the 
holes  on  a  white  paper,  equally  illuminated  ;  when  a  circle  of 
the  paper  will  appear  to  each  of  the  eyes,  and  placing  the 
cards  properly,  thefe  two  circles  may  be  made  to  touch  one  ano¬ 
ther,  and  thereby  the  appearance  of  the  fame  objedt  to  each  of 
the  eyes  may  be  compared  to  the  greateft  advantage.  To  make 
this  experiment  with  the  greater  exadtnefs,  it  is  neceffary,  he 


*  Accidens  de  la  Vue,  p.  400. 
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fays,  that  the  eyes  be  kept  fliut  fome  time  before  the  cards  be  ap~ 
plied  to  them.  * 

M.  De  la  Hire  firfl:  endeavoured  to  explain  the  caufe  of  thofe 
dark  fpots  which  feem  to  float  before  the  eyes,  efpecially  thofe 
of  old  people.  They  are  moil  vifible  when  the  eyes  are  turned 
towards  an  uniform  white  objed,  as  the  fnow  in  the  open  fields. 
If  they  be  fixed  when  the  eye  is  fo,  this  philofopher  fuppofed 
that  they  were  occafioned  by  extravafated  blood  upon  the  retina. 
But  he  thought  that  the  movable  fpots  were  occafioned  by  opa¬ 
que  matter  floating  in  the  aqueous  humour  of  the  eye.  He 
thought  the  vitreous  humour  was  not  fufficiently  limpid  for  this 
purpofe.-f* 

By  the  following  calculation  M.  De  la  Hire  gives  us  an  idea 
of  the  extreme  fenfibility  of  the  optic  nerves.  One  may  fee  very 
eafily,  at  the  diflance  of  4000  toifes,  the  fail  of  a  wind-mill,  6 

feet  in  diameter,  and,  the  eye  being  fuppofed  to  be  an  inch  in 

■ 

diameter,  the  pidure  of  this  fail,  at  the  bottom  of  the  eye,  will 
be  rot?  of  an  inch,  which  is  lefs  than  666th  part  of  a  line,  and 
is  about  the  66th  part  of  a  common  hair,  or  the  eighth  part  of  a 
Angle  thread  of  filk.  So  fmall,  therefore,  muft  one  of  the  fibres 
of  the  optic  nerve  be,  which  he  fays  is  almofl:  inconceivable, 
fince  each  of  thefe  fibres  is  a  tube  that  contains  fpirits.  If  birds 
perceive  diftant  objeds  as  well  as  men,  which  he  thought  very 
probable,  he  obferves  that  the  fibres  of  their  optic  nerves  mull 
be  much  finer  than  ours.  § 

Gaflfendi,  we  have  feen,  imagined  that  objeds  appear  large 
when  they  are  viewed  with  an  open  pupil,  and  fmall  when  it 

*  Accidens  de  la  Vue,  p.  358.  f  Smith’s  Opticks.  Remarks,  p.  4.  §  Accidens 

de  la  Vue,  p.  375. 
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was  contracted;  and  that  upbn  this  principle  he  endeavoured  to 
account  for  the  extraordinary  apparent  magnitude  of  the  hori¬ 
zontal  moon ;  but  at  the  time  of  which  we  are  now  treating, 
this  fubjeCt  was  far  better  underftood.  Dr.  Hooke  obferved, 
that  if  a  perfon  look  through  a  hole  a  hundred  times  lefs  than 
the  pupil  of  his  eye,  an  objeCt  will  appear  the  fame  that  it  does 
to  the  naked  eye ;  but  that  with  refpeCt  to  objects  whofe  light  is 
too  ftrong,  it  helps  the  eye,  by  debilitating  the  rays,  which  other- 
wife  make  a  falfe  reprefentation.  * 

I  muft  not  clofe  this  feCtion  without  mentioning  a  curious  ob- 
fervation  of  the  ingenious  Mr.  Grey,  who  made  fo  con- 
fpicuous  a  figure  in  the  early  part  of  the  hiftory  of  electricity ; 
and  whofe  name  my  reader  will  have  the  pleafure  of  meeting 
with  in  the  hiftory  of  feveral  other  branches  of  experimental 
philofophy.  This  gentleman  took  a  ftiff  piece  of  brown  paper, 
and  pricking  a  fmall  hole  in  it,  he  held  it  at  a  little  diftance  be¬ 
fore  him ;  when,  applying  a  needle  to  his  eye,  he  was  furprifed  to 
fee  the  point  of  it  inverted.  The  nearer  the  needle  was  to  the 
hole,  the  more  it  was  magnified,  but  the  lefs  diftinCt ;  and  if 
it  was  fo  held,  as  that  its  image  was  near  the  edge  of  the  hole, 
its  point  feemed  crooked.  From  thefe  appearances  he  conclud¬ 
ed,  that  thefe  fmall  holes,  or  fomething  in  them,  produce  the  ef¬ 
fects  of  concave  fpeculums,  and  from  this  circumftance  he  took 
the  liberty  to  call  them  aerial fpeculums.  *f* 

*  Birch’s  Hiftory,  p.  503.  f  Phil.  Tranf.  ab.  Vol. !,  p.  172. 
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Improvements  in  OPTICAL  INSTRUMENTS. 


N"  EVER  was  the  improvement  of  optical  inftrumentsfomuch 
the  great  and  profeffed  objeCt  of  philofophers,  as  about  the 
beginningof  this  period.  Aflonifhing  difcoveries  had  been  made 
by  the  firft  rude  attempts  of  this  kind ;  and,  having  no  idea  of 
any  natural  boundary  to  the  improvement  of  vifion,  they  went 
to  work  with  the  mod:  fanguine  expectations,  from  the  effects  of 
their  different  fchemes.  Towards  the  end  of  this  period,  how¬ 
ever,  we  find  Dr.  Hooke  complaining,  that,  though  there  was 
fome  life  left  in  thofe  who  made  telefcopes,  the  warmth  of  thofe 
who  fhould  have  ufed  them  was  grown  cool,  and  that  no  new 
difcoveries  had  been  made  by  them,  except  what  M.  Caflini  had 
done,  in  difcovering  four  new  fatellites  of  Saturn,  befides  that 
of  M.  Zulichem.  The  fame  was  the  fate  of  microfcopesr  to 
which,  he  fays,  no  body  gave  any  attention,  except  M.  Leeu¬ 
wenhoek  }  all  other  perfons  ufing  them  for  their  diverfion  only, 
efpecially  after  they  were  made  portable  inflruments,  and  could 
be  carried  in  the  pocket.  The  reafon  of  this  negledt,  he  fup- 
pofed  to  be,  that  thofe  who  firft  promoted  thefe  inquiries  were 


gone 


Sec.  VI. 


OPTICAL  INSTRUMENTS. 


21 1 


gone  off*  the  flage,  and  it  was  then  generally  taken  for  granted, 
that  no  more  difcoveries  could  be  made  by  thofe  inftruments. 
He  alfo  hints,  as  what  might  be  another  reafon,  that  no  gain 
could  be  made  by  ufing  them.  * 

The  firft  who  diffinguifhed  themfelves  in  grinding  telefcopic 
glades  were  two  Italians,  Eudachio  Divini  at  Rome,  and  Cam- 
pani  at  Bologna,  whofe  fame  was  much  fuperior  to  that  of  Di¬ 
vini,  or  that  of  any  other  perfon  of  his  time ;  though  Divini 
himfelf  pretended,  that,  in  all  the  trials  that  were  made  with 
their  glades,  his,  of  a  great  focal  diflance,  performed  better  than 
thofe  of  Campani,  and  that  his  rival  was  not  willing  to  try  them 
fairly,  viz.  with  equal  eye  glades.  *j-  It  is  generally  fuppofed, 
however,  that  Campani  really  excelled  Divini,  both  in  the 
goodnefs  and  the  focal  length  of  his  objedl  glades.  It  was  with 
telefcopes  made  by  Campani  that  Cadini  difcovered  the  neared: 
fatellites  of  Saturn.  They  were  made  by  the  exprefs  order  of 
Lewis  XIV,  and  were  of  86,  ioo,  and  136  Paridan  feet  focal 
length.  § 

Campani  fold  his  lenfes  for  a  great  price,  and  he  took  every 
poflible  method  to  keep  his  art  of  making  them  a  iecret.  His 
laboratory  was  inaccedible  to  all  the  world,  till  after  his  death ; 
when  it  was  purchafed  by  Pope  Benedict  XIV,  who  made  a  pre- 
fent  of  it  to  the  academy  called  the  Inftitute ,  eflabliihed  in  that 
city ;  and  by  the  account  which  M.  Fougeroux  has  given  of 
what  he  could  difcover  from  it,  we  learn  that  (except  a  machine, 
which  M.  Campani  conftrufted,  to  work  the  bafons  on  which 
he  ground  his  glades)  the  goodnefs  of  his  lenfes  depended  upon 

*  Hooke’s  Experiments  by  Derham,  p.  262.  f  Phil.  Tranf.  ab.  Vol.  1,  p.  j 93. 

§  Montucla,  VoJ.  2,  p.  609. 
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the  clearnefs  of  his  glafs,  his  Venetian  tripoli,  the  paper  with 
which  he  polifhed  his  glaffes,  and  his  great  fkill  and  addrefs  as 
a  workman.  It  was  alfo  the  general  opinion  at  Bologna,  that  he 
owed  a  great  part  of  his  reputation  to  the  fecrecy,  and  air  of 
myftery  which  he  affected  ;  and  that  he  made  a  great  number  of 
objedt  glafles  which  he  rejected,  fhewing  only  thofe  that  were 
very  good.  Pie  made  few  lenfes  of  a  very  great  focal  diftance  ; 
and  having  the  misfortune  to  break  one  of  141  feet  in  two  pieces, 
he  took  incredible  pains  to  join  the  two  parts  together,  which 
he  did  at  length  effectually,  fo  that  it  was  ufed  as  if  it  had  been 
entire  ;  but  it  is  not  probable  that  he  would  have  taken  fo  much 
pains  about  it,  if,  as  he  pretended,  he  could  very  eafily  have 
made  another  as  good.  * 

Dr.  Hooke  feems  not  to  have  had  a  very  good  opinion  of  the 
glaffes  that  were  made  either  by  Divini  or  Campani,  for  fpeak- 
ing  of  fome  which  they  made  of  36  and  50  feet  focal  diftance, 
he  fays  that,  judging  by  what  was  obferved  with  them,  concern¬ 
ing  the  true  figure  of  Saturn,  he  conceived  that  they  made  but 
ordinary  inftruments,  and  did  not  exceed  telefcopes  of  1 2  or  1 5 
feet  made  in  England.'f  But  great  allowance,  no  doubt,  muft 
be  made  for  the  prejudices  of  the  Englifhman  in  this  cafe. 

Sir  Paul  Neille,  Dr.  Hooke  fays,  made  telefcopes  of  36  feet, 
pretty  good,  and  one  of  50,  but  not  of  proportional  goodnefs. 
Afterwards  Mr.  Reive  firft,  and  then  Mr.  Cox,  who  were  the  moil 
celebrated  in  England,  as  grinders  of  optic  glaffes,  made  fome 
good  ones  of  fifty  and  fixty  feet  focal  difiance,  and  Mr.  Cox  made 
one  of  a  100,  but  how  good  Dr.  Hooke  could  not  affert.  § 

*  Ac.  Par.  1764.  H.  p.  282.  f  Hooke’s  Experiments  by  Derham,  p.  261. 

§  lb.  p.  261. 
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Borelli,  alfo,  in  France  made  object  glaffes  of  a  great  focal 
length,  one  of  which  he  prefented  to  the  Royal  Society ;  *  but  I 
do  not  find  any  particular  account  of  their  goodnefs. 

With  refpeCt  to  the  focal  length  of  telefcopes,  thefe  and  all 
others  were  far  exceeded  by  M.  Auzout,  who  made  one  objett 
glafs  of  600  feet  focus  •,  but  he  was  never  able  to  manage  it,  fo  as 
to  make  any  ufe  of  it.  Hartfocker  is  even  faid  to  have  made 
fome  of  a  ftill  greater  focal  length-f- ;  but  this  ingenious  mecha- 
nick,  finding  it  impofiible  to  make  ufe  of  objeCt  glafies,  the  focal 
diftance  of  which  was  much  lefs  than  this,  when  they  were  in- 
clofedinatube,  contrived amethod  of  ufingthemwithoutatube,  by 
fixing  them  at  the  top  of  a  tree,  a  high  wall,  or  the  roof  of  a  houfe.  § 
M.  Huygens,  who  was  alfo  an  excellent  mechanick,  made 
confiderable  improvements  in  the  method  of  ufing  an  objeCt  glafs 
without  a  tube.  He  placed  it  at  the  top  of  a  very  long  pole, 
having  previoufly  inclofed  it  in  a  fhort  tube,  wrhich  was  made  to 
turn  in  all  directions,  by  means  of  a  ball  and  focket.  The  axis 
of  this  tube  he  could  command  with  a  fine  filken  firing,  fo  as  to 
bring  it  into  a  line  with  the  axis  of  another  fhort  tube,  which  he 
held  in  his  hand,  and  which  contained  the  eye  glafs.  In  this 
method  he  could  make  ufe  of  objeCt  glafies  of  the  greatefi:  magni¬ 
fying  power,  at  whatever  altitude  his  objeCt  was,  and  even  in 
the  zenith,  provided  his  pole  was  as  long  as  his  telefcope ;  and, 
to  adapt  it  to  the  view  of  objeCts  of  different  altitudes,  he  had 
a  contrivance,  by  which  he  could  raife  or  deprefs  a  ftage  that  fup- 
ported  his  objeCt  glafs  at  pleafure. 

M.  De  la  Hire  made  fome  improvement  in  this  method  of 
managing  the  objeCt  glafs,  fixing  it  in  the  center  of  a  board,  and 

•  Hooke’s  Experiments,  by  Derham,  p.  261.  7  Montucla,  Vol.  z,  p.  609. 

§  Mifcell.  Berol,  Vol.  1,  p.  261. 
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not  in  a  tube ;  but  as  it  is  not  probable  that  this  method  will 
ever  be  made  ufe  of,  fince  the  difcovery  of  both  reflecting  and 
achromatic  telefcopes,  which  are  now  brought  to  great  perfec¬ 
tion,  and  have  even  micrometers  adapted  to  them,  I  fhall  not  de- 
fcribe  this  apparatus  minutely  j  but  fhall  content  myfelf  with 
giving  a  drawing  of  M.  Huygens’s  pole,  which,  with  a  very  fhort 
explanation,  will  be  fufficient  for  my  purpofe.  In  fig.  61,  a  re¬ 
prefen  ts  a  pulley,  by  the  help  of  which  a  flage  c,  d ,  e ,  f  (that 
fupports  the  objeCt  glafs,  k,  and  the  apparatus  belonging  to  it) 
may  be  raifed  higher  or  lower  at  pleafure,  the  whole  being  coun- 
terpoifed  by  the  weight  h ,  fattened  to  a  firing  g .  [ n ]  is  a  weight, 
by  means  of  which  the  center  of  gravity  of  the  apparatus  belong¬ 
ing  to  the  objeCt  glafs  is  kept  in  the  ball  and  focket,  fo  that  it 
may  be  ealily  managed  by  the  firing  /,  u>  and  its  axis  brought  in¬ 
to  a  line  with  the  eye  glafs  at  o.  When  it  was  very  dark,  M. 
Huygens  was  obliged  to  make  his  objeCt  glafs  vifible  by  a  lan¬ 
tern,  y,  fo  conflruCted,  as  to  throw  the  rays  of  light  in  a  pa¬ 
rallel  direction  up  to  it. 

The  recollection  of  the  incredible  pains  which  philofophers  of 
the  lafl  age  took  in  making  obfervations,  and  the  great  expences 
they  were  obliged  to  be  at  for  that  purpofe,  fhould  make  us  fen- 
fible  of  the  obligations  we  are  under  to  fuch  men  as  Gregory, 
Newton,  and  Dollond,  who  have  enabled  us  to  get  clearer  and 
more  fatisfaCtory  views  of  the  remote  parts  of  our  fyflem,  with 
much  lefs  labour  and  expence  3  and  fhould  likewife  make  us  more 
diligent  and  folicitous  to  derive  all  the  advantage  we  poffibly  can 
from  fuch  capital  improvements. 

The  reafon  why  it  is  neceflary  to  make  the  common  dioptric 
telefcopes  fo  very  long  is,  that  the  length  of  them  mufl  be  in- 
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creafed  in  no  lefs  a  proportion  than  the  duplicate  of  the  increafe 
of  their  magnifying  power  ;  fo  that,  in  order  to  magnify  twice 
as  much  as  before,  with  the  fame  light  and  didinCtnefs,  the 
telefcope  mud:  be  lengthened  four  times,  and  to  magnify  thrice 
as  much,  nine  times,  and  fo  on.  * 

Before  I  mention  the  reflecting  telefcope ,  I  mud:  obferve  that 
M.  Auzout,  in  a  paper  delivered  to  the  Royal  Society,  obferved 
that  the  apertures  which  the  objeCt  glades  of  refracting  telef- 
copes  can  bear  with  didinCtnefs  are  in  about  a  fub-duplicate  pro¬ 
portion  to  their  lengths,  and  upon  this  fuppodtion  he  drew  up  a 
table  of  the  apertures  proper  for  objeCt  glades  of  a  great  variety 
of  focal  lengths,  from  4  inches  to  400  feet.  Upon  this  oc- 
cadon,  however.  Dr.  Hooke  obferved,  that  the  fame  glafs 
will  bear  a  greater  or  lefs  aperture,  according  to  the  lefs  or 
greater  light  of  the  objeCt.  If  for  indance,  he  was  viewing 
the  fun,  or  Venus,  or  any  of  the  dxed  dars,  he  ufed  fmaller 
apertures,  but  if  he  wanted  to  view  the  moon  by  day  light, 
or  Saturn,  Jupiter,  or  Mars  by  night,  he  ufed  a  larger  aperture. § 

But  the  merit  of  all  thefe  improvements  was,  in  a  manner, 
cancelled  by  the  difcovery  of  the  much  more  commodious  reflect - 
ing  telefcope.  For  a  refracting  telefcope,  even  of  a  1000  feet  fo¬ 
cus,  fuppodng  it  podible  to  be  made  ufe  of,  could  not  be  made 
to  magnify  with  didinCtnefs  more  than  1000  times  ;  whereas  a 
reflecting  telefcope,  not  exceeding  9  or  10  feet,  will  magnify 
1200  times.  || 

The  reflecting  telefcope  was  the  happy  thought  of  our  country¬ 
man  James  Gregory,  who  was  led  to  this  important  condruCtion, 
in  contriving  how  to  obviate  an  inconvenience  attending  the  ufe  of 


T  Smith’s  Optics,  Vol.  2,  p.  354.  f  Phil.  Tranf.  ab.  Vol.  1,  p.  19 1. 

H  Montucla,  Vol.  2,  p.  609. 
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fpherical  lenfes,  which,  however,  is  of  trifling  confequence ;  and 
the  method  he  took  to  accomplifh  his  own  fcheme  was  fuch, 
that  it  could  never  be  brought  to  perfection,  or  made  of  any  ufe. 

He  obferved  that  a  fpherical  lens  does  not  give  the  image  of  a 
plane  objedt,  perpendicular  to  its  axis,  in  a  plane,  but  that  it  will 
be  a  curve,  and  concave  on  the  fide  of  the  objeCt  glafs  ;  whereas 
he  found  that  an  image  of  the  fame  objeCt  from  glafles,  ground 
to  the  form  of  fome  of  the  conic  fedions,  would  be  in  a  plane. 
With  this  idea  he  would  have  made  ufe  of  elliptical,  or  parabolic 
glafles ;  but  he  recollected  the  little  fuccefs  that  former  opticians 
had  had  in  their  attempts  to  grind  fuch  glafles,  and  imagined, 
though  without  ground,  that  it  would  be  more  eafy  to  make  a 
metallic  fpeculum  in  fome  of  thofe  forms,  and  by  polifhing  it 
afterwards,  to  get  an  image  by  reflected  light.  Accordingly 
he  propofed  the  conftruCtion  of  a  telefcope  with  two  concave  me¬ 
tallic  mirrors.  One  of  them  was  in  the  form  of  a  parabola,  and 
was  placed  at  the  bottom  of  a  tube,  being  intended  to  make  the 
rays  which  proceeded  from  any  objeCt  converge  to  a  point  in  the 
axis  of  the  parabola  produced.  In  this  axis  was  placed  another 
fmaller  and  elliptic  mirror,  which,  receiving  the  rays,  was  to 
form  an  image  within  a  fmall  diftance  of  the  larger  parabolic 
mirror.  This  was  perforated  in  the  center,  to  receive  an  eye 
glafs,  of  a  fize  proper  to  view  this  image,  as  in  a  common  te¬ 
lefcope. 

But  though  the  theory  of  the  curvature  of  the  images  of  plane 
objects  by  fpherical  mirrors  be  juft,  the  objeCt  glafles  of  telefcopes 
are  too  fmall  a  portion  of  a  fphere  to  make  the  defeCt  arifing 
from  it  fenfible.  Befides,  it  was  not  found  more  eafy  to  make 
a  truly  parabolic  or  elliptic  mirror  of  metal,  than  it  had  been  to 
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make  them  of  glals  ;  and,  in  fad,  our  author  never  brought  his 
telefcope  to  any  degree  of  perfection,  not  pretending  to  any 
fkill  in  mechanicks,  and  only  propofing  it  for  others  to  execute. 
He  had,  indeed,  a  fpherical  objeCt  fpeculum  of  metal,  and  a  fmall 
concave,  as  well  as  a  fmall  convex  fpeculum,  ground  by  Rieves 
and  Cox,  but  becaufe  the  metal  was  not  well  polifhed,  he  only 
made  fome  imperfeCt  trials,  not  fo  much  as  fitting  his  fpeculums 
and  eye  glafs  in  a  tube ;  and  being  dilcouraged,  both  becaufe  he 
could  not  get  a  parabolical  fpeculum,  and  becaufe  that  which  he 
tried  was  not  well  polifhed,  he  gave  over  the  thoughts  of  bring¬ 
ing  fuch  telefcopes  into  ufe.*  Sir  Ifaac  Newton,  however,  neg¬ 
lecting  Gregory’s  imaginary  improvements,  by  means  of  para¬ 
bolic  and  elliptic  mirrors,  retained  his  idea  of  accomplifhing  the 
end  by  reflexion  rather  than  by  refraction  and  contenting  himfelf 
with  fpherical  mirrors,  produced  a  truly  admirable  inftrument, 
of  which,  and  of  its  fucceflive  improvements  an  account  will  be 
given  hereafter,  •f* 

Dr.  Hooke  conftruCted  a  reflecting  telefcope  in  which  the 
great  mirror  was  perforated,  fo  that  the  fpeCtator  looked  direCtly 
towards  the  objeCt,  and  it  was  produced  before  the  royal  fociety 
February  5,  1674.  §  On  this  occafion  it  was  faid  that  this  con- 
ftruCtion  was  firfl  propofed  by  Merfennus,  and  afterwards  re¬ 
peated  by  Gregory,  but  was  thought  never  to  have  been  actually 
executed  before  it  was  done  by  Dr.  Hooke.  A  defcription  of 
this  inftrument  may  be  feen  in  Hooke’s  experiments  by  Derham, 
p.  269. 

After  this  account  of  the  improvement  of  telefcopes,  I  fhall 
recite  what  was  done  in  the  fame  period  with  refpeCt  to  microf- 

*  Gregory’s  Opticks,  p.212.  f  Montucla,  Vol.  2^.595,  §  Birch’s  Hiftory, 

Vol.  .3,  p.  122. 
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copes.  Eudachio  Divini  made  microfcopes  with  two  common 
ohjedt  glades,  and  two  plano-convex  eye  glades  joined  together 
on  their  convex  fides,  fo  as  to  meet  in  a  point.  The  tube  in 
which  they  were  inclofed  was  as  big  as  a  man’s  leg,  and  the  eye 
glades  almoit  as  broad  as  the  palm  of  a  man’s  hand.  *  Mr.  Ol¬ 
denburg,  fecretary  to  the  Royal  Society,  received  an  account  of 
this  indrument  from  Rome,  and  read  it  at  one  of  their  meetings, 
Auguft  6,  1668. 

It  was  within  this  period  that  Hartfocker  improved  fingle  mi¬ 
crofcopes,  by  uling  fmall  globules  of  glafs,  made  by  melting  them 
in  the  'flame  of  a  candle,  indead  of  the  lenfes  which  had  before 
been  made  ufe  of  for  that  purpofe.  By  this  means  he  fird  difco- 
vered  the  animalcula  in  femine  mafculino ,  which  gave  rife  to  a  new 
fy Hem  of  generation.  A  microfcope  of  this  kind,  confiding  of  a 
globule  of  -A  of  an  inch  in  diameter,  M.  Huygens  demondrat- 
ed  to  magnify  100  times  ;  and  fince  it  is  eafy  to  make  them  of 
lefs  than  half  a  line  in  diameter,  they  may  be  made  to  magnify 
300  times.  Were  it  not  for  the  difficulty  of  applying  objects 
to  thefe  magnifiers,  the  want  of  light,  and  the  fmall  field  of 
didindt  vilion,  they  would  certainly  have  been  the  mod  perfedt 
of  all  microfcopes. 

But  no  man  didinguifhed  himfelf  fo  much  by  microfcopical 
difcoveries  as  the  famous  M.  Leeuwenhoek,  though  he  ufed  only 
fingle  lenfes  with  fhort  foci,  preferring  didindtnels  of  vifion  to  a 
large  magnifying  power. 

M.  Leeuwenhoek’s  microfcopes  were  all  fingle  ones,  each  of 
them  confiding  of  a  fmall  double  convex  glafs,  fet  in  a  focket, 
between  two  filver  plates,  riveted  together,  and  pierced  with  a 
fmall  hole  3  and  the  object  was  placed  on  the  point  of  a  needle. 


*  Birch’s  Hiltory,  Vol.  4,  p.  313. 
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fo  contrived,  as  to  be  placed  at  any  diftance  from  the  lens.  If 
the  objects  were  folid,  he  fattened  them  with  glue,  and  if  they 
were  fluid,  or,  on  other  accounts,  required  to  be  fpread  upon 
glafs,  he  placed  them  on  a  fmall  piece  of  Mufcovy  talc,  or  glafs 
blown  veiy  thin,  which  he  afterwards  glued  to  his  needle.  He 
had,  however,  a  different  apparatus  for  viewing  the  circulation 
of  the  blood,  which  he  could  fix  to  the  fame  microfcopes. 

The  greateft  part  of  his  microfcopes  M.  Leeuwenhoek  be¬ 
queathed  to  the  Royal  Society.  They  were  contained  in  a  fmall 
Indian  cabinet,  in  the  drawers  of  which  were  thirteen  little  boxes, 
or  cafes,  in  each  of  which  were  two  microfcopes,  neatly  fitted 
up  in  filver  i  and  both  the  glafs,  and  the  apparatus  were  made 
with  his  own  hands. 

The  glafs  of  all  thefe  lenfes  is  exceedingly  clear,  but  none  of 
them  magnifies  fo  much  as  thofe  globules  which  are  frequently 
uled  in  other  microfcopes ;  but  Mr.  Folkes,  who  examined  them, 
thought  that  they  fhewed  objects  with  much  greater  diftin£tnefs, 
which  M.  Leeuwenhoek  principally  valued.  His  difcoveries, 
however,  are  to  be  afcribed  not  fo  much  to  the  goodnefs  of  his 
glaffes,  as  to  his  great  judgment,  acquired  by  long  experience, 
in  ufing  them.  He  alfo  particularly  excelled  in  his  manner  of 
preparing  objects  for  being  viewed  to  the  moft  advantage.  On 
this  account  it  becomes  no  perfon  haftily  to  condemn  any  of  M. 
Leeuwenhoek’s  obfervations ;  and  he  himfelf  has  reminded  us, 
more  than  once,  that  thofe  who  are  the  moft  fkilled  in  the  ufe 
of  microfcopes  may  be  milled,  if  they  give  too  fudden  a  judg¬ 
ment  on  what  they  fee,  cr  till  they  have  been  allured,  by  repeat¬ 
ed  experiments.  But  fo  many  of  his  furprifing  difcoveries 
have  been  confirmed  by  the  moft  judicious  obfervers,  that  we 
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have  no  reafon  to  diftruft  his  accuracy  with  refpedt  to  thofe  which 
have  not  yet  been  fo  frequently,  or  fo  carefully  examined.  * 

Mr.  Baker,  who  alfo  examined  M.  Leeuwenhoek’s  microfcopes, 
and  made  a  report  concerning  them  to  the  Royal  Society,  found 
that  the  greateft  magnifier  among  them  enlarged  the  diameter  of 
an  objedt  about  a  hundred  and  fixty  times,  but  that  all  the  reft 
fell  much  fhort  of  that  power,  fo  that  he  concluded,  that  M. 
Leeuwenhoek  muft  have  had  other  microfcopes,  of  a  much 
greater  magnifying  power,  for  many  of  his  difcoveries.  And  it 
appears,  he  fays,  by  many  circumftances,  that  he  had  fuch 
microfcopes. -f* 

It  appears  from  M.  Leeuwenhoek’s  writings,  that  he  was  not 
unacquainted  with  the  method  of  viewing  opaque  objedts  by 
means  of  a  fmall  concave  reflecting  mirror,  which  was  afterwards 
improved  by  M.  Lieberkhun.  For,  after  defcribing  his  appara¬ 
tus  for  viewing  eels  in  glafs  tubes,  he  adds  that  he  had  an  inftru- 
ment  to  which  he  fcrewed  a  microfcope  fet  in  brafs,  upon  which 
microfcope  he  fattened  a  little  difh  of  brafs,  probably,  that  his 
eye  might  be  thereby  aflifted  to  fee  objects  better;  for  he  fays  he 
had  filed  the  brafs  which  was  round  his  microfcope  as  bright  as 
he  could,  that  the  light,  while  he  was  viewing  objedts,  might 
be  refledted  from  it  as  much  as  poflible.  This  microfcope  with 
its  difh  (of  which  an  exadt  copy,  taken  from  the  picture  in  his 
works,  may  be  feen  fig.  62)  feerns  fo  like  our  opaque  microf¬ 
cope,  with  its  filver  fpeculum,  that  it  may  well  be  fuppofed  to 
have  given  the  hint  to  the  ingenious  inventor  of  it,  provided  he 
ever  attended  to  it.  § 

*  Phil.  Tranf.  ab.  Vol.  6,  p.  154,  &c.  f  lb.,.  Vol,  8,  p.  122.  §  lb,  Vol.  8, 
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In  1702,  Mr.  Wilfon  made  feveral  ingenious  improvements  in 
the  method  of  ufing  Angle  magnifiers,  for  the  purpofe  of  view¬ 
ing  tranfparent  objects,  and  they  have  been  fo  generally  approv¬ 
ed,  that  hardly  any  other  method  is  made  ufe  of  at  this  day. 
The  capital  advantage  attending  this  microfcope  confifls  in  its 
being  furnifhed  with  a  pretty  large  lens,  to  throw  light  upon  the 
objedts,  and  alfo  with  a  fine  fcrew  and  fpring,  to  bring  them 
nearer,  or  remove  them  farther  from  the  magnifier  at  pleafure. 
See  a  defcriprion  of  this  inftrument  Phil.  Tranf.  ab.  Vol.  4,  p. 
199.  Wilfon’s  microfcope  is  alfo  a  neceflary  part  of  the  folar 
microfcope,  invented  afterwards. 

In  1710,  Mr.  Adams  gave  to  the  Royal  Society  the  following 
account  of  his  method  of  making  fmall  globules  for  large  mag¬ 
nifiers.  He  took  a  piece  of  fine  window  glafs,  and  cut  it,  with 
a  diamond,  into  as  many  lengths  as  he  thought  proper,  not  ex¬ 
ceeding  ir  of  an  inch  in  breadth ;  then,  holding  one  of  them  be¬ 
tween  the  fore  finger  and  thumb  of  each  hand,  over  a  very  fine 
flame,  till  the  glafs  began  to  foften,  he  drew  it  out  till  it  was  as 
fine  as  a  hair,  and  broke ;  then  putting  each  of  the  ends  into  the 
pure!!  part  of  the  flame,  he  had  two  globules  prefently,  which 
he  could  make  larger  or  lefs  at  pleafure.  If  they  were  held  a 
long  time  in  the  flame,  they  would  have  fpots  in  them,  fo  that 
he  drew  them  out  prefently  after  they  became  round.  The  flem 
he  broke  off  as  near  to  the  globule  as  he  could,  and  lodging  the 
remainder  between  the  plates,  in  which  holes  were  drilled  ex¬ 
actly  round,  the  microfcope,  he  fays,  performed  to  admiration. 
Through  thefe  magnifiers,  he  fays,  that  the  fame  thread  of  very 
fine  muflin  appeared  three  or  four  times  bigger  than  it  did  in  the 
large!!  of  Mr.  Wilton’s  magnifiers,  f 

*  Philv  Traiu.  ab,  Vol.  4,  p.  204. 
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The  ingenious  Mr.  Grey,  whofe  name  has  already  occurred  in 
the  courfe  of  this  hiflory,  hit  upon  a  very  eafy  expedient  to  make 
very  good  temporary  micro fcopes,  at  a  very  little  expence.  They 
confift  of  nothing  but  very  fmall  drops  of  water,  taken  up  with 
a  point  of  a  pin,  and  put  into  a  fmall  hole  made  in  a  piece  of 
metal.  Thefe  globules  of  water  do  not,  indeed,  magnify  fo 
much  as  thofe  which  are  made  of  glafs  of  the  fame  fize,  becaufe 
the  refractive  power  of  water  is  not  fo  great ;  but  the  fame  pur- 
pofe  will  be  anfwered  nearly  as  well  by  making  them  fomewhat 
fmaller. 

The  fame  ingenious  perfon,  obferving  that  fmall  heterogeneous 
particles  inclofed  in  the  glafs  of  which  microfcopes  are  made, 
were  much  magnified  when  thofe  glaffes  were  looked  through, 
thought  of  making  his  microfcopes  of  water  that  contained  liv¬ 
ing  animalcula,  to  fee  how  they  would  look  in  this  new  fituati- 
on  ;  and  he  found  his  fcheme  to  anfwer  even  beyond  his  utmoft 
expectation,  fo  that  he  could  not  even  account  for  their  being 
magnified  fo  much  as  they  were  :  for  it  was  much  more  than  they 
would  have  been  magnified,  if  they  had  been  placed  beyond  the 
globule,  in  the  proper  place  for  viewing  objeCts.  But  Montucla 
obferves,  that  when  any  objeCt  is  inclofed  within  this  fmall 
tranfparent  globule,  the  hinder  part  of  it  aCts  like  a  concave  mir¬ 
ror,  provided  they  be  fituated  between  that  furface  and  the  focus ; 
and  that,  by  this  means,  they  are  magnified  above  3  f  times 
more  than  they  would  have  been  in  the  ufual  way.  * 

In  this  period  it  was  that  MICROMETERS  were  added  to 
telefcopes  and  microfcopes,  in  order  to  meafure  the  diameters  of 
objeCts,  and  all  fmall  apparent  diftances,  with  more  exaCtnefs  than 

*  Montucla,  Vol.  z,  p.  610. 
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could  be  done  by  the  help  of  any  quadrant,  odant,  fextant, 
&c.  This  was  effected  by  meafuring  the  image  of  an  objed  in 
the  focus  of  the  objed  glafs  ;  and  for  this  purpofe  a  variety  of 
mechanical  contrivances  were  applied.  Till  this  method  was  hit 
upon,  obfervers  ufed  to  meafure  the  field  of  view  in  each  of 
their  telefcopes,  by  obferving  how  much  of  the  moon  they  could 
fee  through  it,  the  femidiameter  being  reckoned  at  15  or  16  mi¬ 
nutes*;  and  other  diftances  were  eftimated  by  the  eye,  compar¬ 
ing  them  with  the  field  of  view. 

The  firft  perfon  who  hit  upon  the  more  exad  method,  men¬ 
tioned  above,  was  Mr.  Gafcoigne,  before  the  civil  wars  in  Eng¬ 
land.  The  fame  ingenious  gentleman  firft  applied  telefcopic Jights 
to  quadrants  •f,  and  alfo  had  a  treatife  on  opticks  prepared  for 
the  prefs  ;  but  to  the  great  regret  of  men  of  fcience,  he  was 
killed  in  the  fervice  of  Charles  I,  and  his  manufcript  was  never 
found.  His  inftrument,  however,  fell  into  the  hands  of  Mr. 
R.  Townley,  who  fays,  that  by  the  help  of  it,  he  could  mark 
above  40000  divisions  in  a  foot. 

Mr.  Gafcoigne’s  inftrument  being  fhewn  to  Dr.  Hooke,  he 
gave  a  drawing  and  defcription  of  it,  and  propofed  .feveral  im¬ 
provements  in  it,  which  may  be  feen  Phil.  Tranf.  ab.  Vol.  1,  p. 
217.  Mr.  Gafcoigne  divided  the  image  of  an  objed:,  in  the  fo¬ 
cus  of  the  objed  glafs,  by  the  approach  of  two  pieces  of  metal, 
ground  to  a  very  fine  edge,  in  the  place  of  which  Dr.  Hooke 
would  fubftitute  two  fine  hairs  ftretched  parallel  to  one  another. 
Two  other  methods  of  Dr.  Hooke’s,  different  from  this,  are 
defcribed  in  his  Pofthumous  Works,  p.  497,  498.  An  ac¬ 
count  of  feveral  curious  obfervations  that  Mr.  Gafcoigne  made 

*  Mifc.  Berol,  Vol.  1,  p.  202.  f  Phil.  Tranf.  Vol.  48,  p.  190. 
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by  the  help  of  his  micrometer,  particularly  in  the  menfuration 
of  the  diameters  of  the  moon  and  other  planets,  may  be  feen  in 
the  Philofophical  Tranfadtions,  Vol.  48,  p.  190. 

M.  Huygens,  as  appears  by  his  Syjiem  of  Saturn ,  published  in 
1659,*  ufed  to  meafure  the  apparent  diameters  of  the  planets,  or 
any  fmall  angles,  by  firft  meafuring  the  quantity  of  the  field  of 
view  in  his  telefcope ;  which,  he  fays,  is  belt  done  by  obferving 
the  time  which  a  ftar  takes  up  in  palling  over  it,  and  then  pre¬ 
paring  two  or  three  long  and  flender  brafs  plates,  of  various 
breadths,  the  fides  of  which  were  very  ftraight,  and  converging 
to  a  fmall  angle.  In  making  ufe  of  thefe  pieces  of  brafs,  he 
made  them  Hide  in  two  flits,  that  were  made  in  the  fides  of  the 
tube,  oppofite  to  the  place  of  the  image,  and  obferved  in  what 
place  it  juft  covered  the  diameter  of  any  planet,  or  any  fmall 
diftance  that  he  wanted  to  meafure.  It  was  obferved,  how- 
ever,  by  Sir  Ifaac  Newton,  that  the  diameters  of  planets,  mea- 
fured  in  this  manner,  will  be  larger  than  they  fhould  be,  as  all 
lucid  objects  appear  to  be,  when  they  are  viewed  upon  dark 
ones,  -f- 

In  the  Ephemerides  of  the  Marquis  of  Malvafia,  publifhed  in 
1662,  it  appears  that  he  had  a  method  of  meafuring  fmall  dis¬ 
tances  between  fixed  ftars,  and  the  diameters  of  the  planets,  and  al- 
fo  of  taking  accurate  draughts  of  the  fpots  of  the  moon  ;  and 
this  was  by  a  net  of  filver  wire,  fixed  in  the  common  focus  of 
the  object  and  eye  glafs.  He  alfo  contrived  to  make  one  of  two 
ftars  to  pafs  along  the  threads  of  this  net,  by  turning  it,  or  the 
telefcope,  as  much  as  was  neceftary  for  that  purpofe ;  and  he 
counted,  by  a  pendulum  clock,  beating  feconds,  the  time  that 

*  Ac.  Par.  1717,  M.p.  ioi.  f  Smith’s  Opticks,  Vol.  2,  p.  34Z. 
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elapfed  in  its  paflage  from  one  wire  to  another,  which  gave  him 
the  number  of  the  minutes  and  feconds  of  a  degree  contained 
between  the  intervals  of  the  wires  of  his  net,  with  refpeCt  to  the 
focal  length  of  his  telefcope.  * 

In  1666  Meffrs  Auzout  and  Picard  publifhed  a  defcription  of 
a  micrometer,  which  was  nearly  the  fame  with  that  of  the  Mar¬ 
quis  of  Malvafia,  excepting  the  method  of  dividing  it,  which 
they  performed  with  more  exaCtnefs,  by  a  fcrew.  In  fome 
cafes,  they  ufed  threads  of  filk,  as  being  finer  than  filver 
wires,  -f*  Dechales  alfo  recommends  a  micrometer  confifting  of 
fine  wires,  or  filken  threads,  the  diftances  of  which  were  exactly 
known,  difpofed  in  the  form  of  a  net,  as  peculiarly  convenient 
for  taking  a  map  of  the  moon.  § 

M.  De  la  Hire  fays  that  there  is  no  method  more  fimple  or 
commodious,  for  obferving  the  digits  of  an  eclipfe,  than  a  net 
in  the  focus  of  the  telefcope.  Thefe,  he  fays,  were  generally 
made  of  filken  threads,  and  that  for  this  particular  purpofe  fix 
concentric  circles  had  alfo  been  made  ufe  of,  drawn  upon  oiled 
paper;  but  he  advifesto  draw  the  circles  on  very  thin  pieces  of  glafs, 
with  the  point  of  a  diamond.  He  alfo  gives  feveral  particular 
directions  toafiift  perfons  in  the  ufe  of  them.  J  In  another  me¬ 
moir  he  {hews  a  method  of  making  ufe  of  the  fame  net  for  all 
eclipfes,  by  ufing  a  telefcope  with  two  objeCt  glalfes,  and  placing 
them  at  different  diftances  from  one  another.  || 

M.  Caflini  invented  a  very  ingenious  method  of  afcertaining 
the  right  affenfions  and  declinations  of  ftars,  by  fixing  four  crofs 
hairs  in  the  focus  of  the  telefcope,  and  turning  it  about  its  axis, 

*  Ac.  Par.  1717,  M.  p.  100.  f  lb.  p.  toi.  §  Ada  Eruditorum,  1710,  p.  464. 

X  Ac.  Par.  1701,  M.  p.  154.  ||  lb.  17:7,  M.  p.  72. 
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fo  as  to  make  them  move  in  a  line  parallel  to  one  of  them.  The 
difficulty  there  was  in  accompliffiing  this  was  entirely  re¬ 
moved  by  a  mechanical  contrivance  of  Dr.  Bradley.  *  As  I  pro- 
pofe  to  dwell  as  little  as  poffible  on  fubjeCts  of  mere  mechanifm, 
I  muft  refer  my  reader  to  Dr.  Smith  for  his  defcription  of  the 
bed;  micrometer  of  this  kind.-f- 

1  ffiall  add  in  this  place,  that  J.  And.  Segner,  in  a  later  period, 
propofed  to  enlarge  the  field  of  view  in  thefe  micrometers,  by 
making  them  of  a  confiderable  extent,  and  having  a  moveable 
eye  glafs,  or  feveral  eye  glaffes,  placed  oppofite  to  different  parts 
of  it.  Pie  thought  however,  that  two  would  be  quite  fufficient, 
and  he  gives  particular  directions  how  to  make  ufe  of  fuch  mi¬ 
crometers  in  aftronomical  obfervations.  § 

M.  Leeuwenhoek’s  method  of  eftimating  the  fize  of  fmall  ob¬ 
jects  was  by  comparing  them  with  grains  of  fand,  of  which  i  oo 
placed  in  a  line,  took  up  an  inch.  Thefe  grains  he  laid  on  the 
fame  plate  with  his  objects,  and  viewed  them  at  the  fame  time.  J 
Dr.  Jurin’s  method  was  fimilar  to  this  of  M.  Leeuwenhoek,  for 
he  found  the  diameter  of  a  piece  of  finefilver  wire,  by  wrapping 
it  as  clofe  as  he  could  about  a  pin,  and  obferving  how  many  rings 
made  an  inch.  For  he  ufed  this  wire  in  the  fame  manner  as 
Leeuwenhoek  ufed  his  fand. 

Mr.  Martin,  in  his  Opticks,  recommends  fuch  a  micrometer 
to  a  microfcope,  as  had  been  applied  to  telefcopes 3  for  he  ad- 
vifes  to  draw  a  number  of  parallel  lines,  on  a  piece  of  glafs, 
with  the  fine  point  of  a  diamond,  at  the  diftance  of  of  an  inch 
from  one  another,  and  to  place  it  in  the  focus  of  the  eye  glafs. 
By  this  method.  Dr.  Smith  contrived  to  take  the  exaCt  draught 


*  Smith’s  Opticks,  Vol.  2,  p.  343.  f  lb.  p.  345.  §  Com.  Gotting,  Vol.  1.  p.  27 

X  Baker  on  the  Microfcope.  p.  42. 
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of  objedts  viewed  by  a  double  microfcope.  For  he  advifes  to  get 
a  lattice,  made  with  fmall  filver  wires  or  fmall  fquares,  drawn 
upon  a  plain  glafs,  by  the  drokes  of  a  diamond,  and  to  put  it 
into  the  place  of  the  image,  formed  by  the  object  glafs.  Then 
by  transferring  the  parts  of  the  objedt,  feen  in  the  fquares  of 
the  glafs,  or  lattice,  upon  fimilar  correfponding  fquares,  drawn 
on  paper,  the  pidture  may  be  exadtly  taken.*  Mr.Martinalfointro- 
duced  into  compound  microfcopes,  another  micrometer,  confiding 
of  a  fcrew.  Both  the  methods  are  defcribed  in  hisOpticks,  p.  2 77. 

Dr.  Hooke  ufed  to  look  upon  the  magnified  objedt  with  one 
eye,  while,  at  the  fame  time,  he  viewed  other  objedts,  placed  at 
the  fame  diftance,  with  the  other  eye.  In  this  manner  he  was 
able,  by  the  help  of  a  ruler,  divided  into  inches  and  fmall  parts, 
and  laid  on  the  pededal  of  the  microfcope,  to  cad,  as  it  were, 
the  magnified  appearance  of  the  object  upon  the  ruler,  and  there¬ 
by  exadtly  to  meafure  the  diameter  which  it  appeared  to  have 
through  the  glafs  ;  which  being  compared  with  the  diameter  as 
it  appeared  to  the  naked  eye,  eafily  fhewed  the  degree  in  which 
it  was  magnified.  This,  fays  Mr.  Baker,  is  a  ready  and  good 
method  for  many  objedts  and  he  declares,  from  his  own  expe¬ 
rience,  that  a  little  pradtice  will  render  it  exceedingly  eafy  and 
pleafant.  ^ 

I  {hall  here  introduce  a  few  mifcellaneous  articles  concerning 
improvements  in  optical  indruments  made  by  Dr.  Hooke,  and 
then  I  {hall  clofe  the  fedtion  with  an  account  of  what  was  done 
with  refpedt  to  burning  mirrors. 

We  are  obliged  to  Dr.  Hooke  for  an  excellent  method  of  view¬ 
ing  the  fun  without  injuring  our  eyes.  For  this  purpofe  he  con¬ 
trived  that  the  rays  {hould  be  refledled  from  one  plane  to  ano- 

*  Baker  on  the  Microfcope,  p.  48.  f  lb.  p.  45. 
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ther,  till  it  was  fo  much  weakened,  that  the  eye  might  receive 
it  with  great  fafety  and  pleafure.  This  method  is  much  prefer¬ 
able  to  that  of  looking  at  the  fun  through  a  fmoaky  or  coloured 
glafs,  which  gives  it  a  red  and  difagreeable  hue.  His  difeourfe 
on  thisfiubjedt  was  read  before  the  Royal  Society  June  28,  1675.* 
Dr.  Hooke  contrived  an  indrument,  confiding  of  convex 
glades,  for  the  benefit  of  ihort  lighted  perfons  ;  and  at  a  meet¬ 
ing  of  the  Royal  Society,  in  1679,  he  read  a  difeourfe  concern¬ 
ing  it  5  in  which  he  obferved,  that  by  the  ufe  of  feeing  things  in¬ 
verted  (which  was  the  effedt  of  this  indrument)  it  became  as 
natural  as  if  they  were  feen  eredt ;  and  he  conceived  that  if  a  per- 
fon  from  his  childhood  were  ufed  to  fee  things  in  this  manner, 
and  he  fliould  afterwards  come  to  fee  them  without  the  help  of 
thofe  glaffes,  he  would  fancy  them  to  be  inverted,  as  they 
really  are  at  the  bottom  of  the  eye 3  as,  he  fays,  is  very  vi- 
lible  in  the  eye  of  a  young  cat,  which  is  almod  tranfparent  at 
the  bottom. “f*  He  alfo  contrived  a  portable  camera  obfeura ,  for 
the  purpofe  of  drawing  objedts  as  large  as  the  life.  § 

The  larged  BURNING  MIRROR  that  had  been  made  before 
the  middle  of  the  17th  century  was  that  of  Magine,  of  20  inches 
diameter.  Afterwards  we  dnd  an  account  of  one  made  by  Sep- 
tala  of  Milan,  which  was  near  3  f  feet  in  diameter,  and  which 
burnt  at  the  didance  of  15  feet.  About  the  fame  time  M.  Vil- 
lette,  an  artificer  in  Lyons,  didinguifhed  himfelf  fird  by  the 
condrudtion  of  one  of  30  inches  in  diameter ;  but  being  the 
portion  of  a  fphere  of  1 2  feet  in  diameter,  it  burnt  at  3  feet  dis¬ 
tance  ;  and  its  focus  being  no  larger  than  half  a  louis  of  that 

. 

time,  was  fmaller  in  proportion  to  its  furface  than  that  of  Septa^ 
la,  fo  that  the  heat  it  produced  was  confiderably  greater.  With 

*  Birch’s  Hiilory,  Vol.  3,  p.  179.  t  lb.  Vol.  3,  p.  500.  §  lb.  Vol.  3,  p.  436. 

Vol.  4,  p.  157. 
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this  mirror  he  could  melt,  in  a  few  feconds,  metals  the  mod:  dif¬ 
ficult  of  fufion ;  and  in  the  fame  fmall  fpace  of  time  he  could 
even  vitrify  Rones  and  earths,  over  which  the  common  fire  has 
no  power,  as  crucibles,  &c.  This  mirror  was  purchafed  by 
Louis  XIV,  and  is  now  in  the  King  of  France’s  cabinet.  Af¬ 
terwards  the  fame  workman  finifhed  another  mirror  of  44  inches 
in  diameter,  which  was  purchafed  by  the  Landgrave  of  Hefle. 

Villette’s  fpeculums  were,  however,  muchinferior  to  one  which 
Tfchirnhaufen  conRructed  about  the  year  1687,  an  account  of 
which  may  be  feen  ABa  Eruditorwn  for  1687,  p.  52.  This 
was  about  4  i  French  feet  in  diameter,  and  it  burnt  at  the  dif- 
tance  of  12  feet.  It  was  not  made  like  thofe  of  M.  Villette, 
of  a  mixture  of  melted  metals  ;  but  was  a  thin  plate  of  copper, 
and  therefore  very  light  with  refpect  to  its  fize.  The  effects  of 
this  mirror  were  extraordinary  indeed  ;  as  there  was  no  fubftance 
which  it  could  not  vitrify,  not  excepting  even  the  afbeRos,  which 
was  thought  to  be  indeRruetible  in  the  fire.  The  incon¬ 
venience  attending  the  ufe  of  reflecting  mirrors,  made  the  fame 
gentleman  endeavour  to  procure  glafs  lenfes  of  the  fame  flze,  and 
power  ;  and  from  a  glafs-houfe  in  Saxony  he  did  at  length  pro¬ 
cure  one,  that  was  3  feet  in  diameter,  and  convex  on  both  fldes, 
with  a  focus  at  1 2  feet  diftance  from  it,  and  1  f  inches  in  dia¬ 
meter  ;  but  to  increafe  the  heat,  the  rays  were  drawn  nearer  to¬ 
gether  by  another  common  lens.  This  mirror  produced  the 
fame  effects  with  thofe  mentioned  above,  but  in  Rill  lefs  time. 
It  was  purchafed  by  the  Duke  of  Orleans,  who  made  a  prefent 
of  it  to  the  French  Academy.  When  finiflied,  it  weighed  160 

Attempts  were  afterwards  made  to  conRruct  burning  mirrors 
of  wood,  and  other  lighter  materials,  and  then  to  give  them  a 
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coating  of  varnifh,  or  leaf  gold ;  and  fome  of  thefe  are  faid  to 
have  produced  confiderable  effects.  But  it  does  not  appear  that 
they  exceeded,  or  even  fo  much  as  equalled  what  was  performed 
by  thofe  mentioned  above.  * 

Some  attempts  were  made  to  apply  burning  mirrors  to  practical 
ufes,  particularly  one  of  the  parabolic  form,  conftrudted  by  P. 
F.  Tertio  De  Lanis,  for  chymical  ufes,  a  figure  of  which  may 

4 

be  feen  A5la.  Eruditorum ,  1688,  p.  38.  But  it  doth  not  appear 
that  any  fuch  ufes  as  this  author  imagined  were  ever  made  of 
mirrors. 


SECTION  VII. 


Improvements  in  the  MATHEMATICAL  part  of  the 

SCIENCE  OF  OPTICKS. 


THOUGH  I  make  it  a  rule  to  myfelf  to  keep  clofe  to 
philofophkal  difcoveries  in  opticks,  and  to  avoid  treating 
of  thofe  that  are  properly  mathematical ,  as  much  as  I  poflibly 
can,  yet  the  fubjedts  are  naturally  fo  much  intermixed,  and  one 
of  them  is  on  many  occafions  fo  fubfervient  to  the  other,  that  it 
would  be  deviating  from  nature,  to  attempt  an  intire  feparation  of 
them  ;  and  efpecially  not  to  give  fome  account  of  the  moft  fuc- 
cefsful  labours  of  thofe  mathematicians  who  have  given  their  at- 


*  Montucla,  Vol.  2,  p.  612. 
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tention  to  the  fubjedt  of  opticks,  though  they  have  made  no  dis¬ 
coveries  in  the  fcience  that  can  properly  be  called  philofophical. 
Several  conciufions  deduced  from  the  principles  of  geometry,  and 
others  by  the  rules  of  Algebra,  have  been  already  occaflonally 
mentioned  in  this  hiftory ;  and  in  this  fedtion  I  fhall  give  a. ge¬ 
neral  account  of  various  other  mathematical  difcoveries,  which 
took  their  rife  from  observations  in  the  fcience  of  opticks. 

The  moft  philofophical  of  all  my  readers  will  certainly  ex- 
cufe  me  if  I  ftep  fo  far  within  the  bounds  of  geometry,  as  to  give 
fome  account  of  caujiic  curves ,  becaufe  optical  conliderations 
gave  the  firfl:  hint  of  them ;  and  fo  nearly  are  they  related  to  my 
fubjedt  that,  a  hiftory  of  the  progrefs  of  knowledge  concerning 
light  and  colours  would  be  deemed  imperfedt  without  it.  The 
difcovery  of  thefe  curves  belongs  to  Mr.  Tfchirnhaufen,  who  is 
fo  famous  on  account  of  his  burning  mirrors. 

It  is  well  known  that  rays  of  light,  refledted  by  a  concave  fur- 
face,  converge  to  a  point,  which  is  called  their  focus,  on  account 
of  the  heat  that  is  generally  produced  by  them  at  that  place. 
But  this  focus  is  not  a  fingle  point,  but  commonly  the  place  to 
which  only  the  greater  number  of  the  rays  are  refledted.  There 
is,  in  fadt,  a  kind  of  continued  focus ,  which  is  eaflly  made  viflble. 
If  a  candle  be  brought  near  a  cylindrical  veflel,  highly  polifhed 
on  the  infide,  two  curved  lines  of  light  will  be  feen  at  the  bot¬ 
tom  of  it,  and  they  will  be  more  diftinguifhable,  the  more  obli¬ 
quely  the  candle  is  prefented.  This  line  is  the  cauftic  of  the 
rays  refledted  from  this  furface,  and  what  is  properly  called  the 
focus  of  burning  mirrors  is  about  the  point,  where  the  two 
branches  of  the  cauftic  meet,  becaufe  the  greater  part  of  the 
rays  crofs  one  another  near  this  point. 
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To  conceive  more  diftindtly  the  generation  of  thefe  curves, 
parallel  rays  muff  be  drawn  at  equal'diftances,  as  in  fig.  63,  when 
each  reflected  ray  will  interfedt  that  which  is  next  to  it ;  and 
from  all  thefe  points  of  interfedtion,  and  the  parts  of  the  re¬ 
fledted  rays,  will  be  formed  a  polygon,  which,  when  the  rays  are 
confidered  as  infinitely  near  to  one  another,  will  become  a  curve, 
each  point  of  which  may  be  confidered  as  a  focus  of  two  rays 
infinitely  near  to  one  another.* 

It  is  pofiible  that  a  clearer  idea  may  be  conceived  of  the  na¬ 
ture  of  cauftic  curves,  by  confidering  them  as  curves  formed  by 
rays  of  light,  refledted  or  refradted,  after  falling  upon  another 
curve.  Thus  let  L,  fig.  64,  be  a  luminous  point,  emitting  the 
rays  LK,  LF,  LH,  LI,  &c.  which  are  refledted  at  the  curve  KI, 
fo  that  the  angles  of  reflexion  are  equal  to  thofe  of  incidence,  the 
refledted  rays  being  KO,  FP,  HQ^  IR,  &c.  Another  curve 
OPQR  being  drawn,  fo  that  the  refledted  rays  may  all  be  tan¬ 
gents  to  it,  will  be  the  cauftic  by  reflexion,  of  the  curve  from 
which  they  are  refledted. -f-  In  the  fame  manner  may  a  clear 
idea  be  conceived  of  cauftics  by  refradtion. 

M.  Tfchirnhaufen  published  his  firft  thoughts  upon  this  fub- 
jedt  in  the  memoirs  of  the  French  Academy  for  1682,  where  he 
gave  a  delineation  of  the  cauftic  of  a  circle  formed  by  parallel 
incident  rays.  Some  properties  of  thefe  curves  were  demonftrat- 
ed  by  M.  De  la  Hire,  who  difcovered  fome  miftakes  that  M. 
Tfchirnhaufen  had  fallen  into  with  refpedt  to  them.  This  occa- 
fionedfome  debate  betwixt  thefe  two  gentlemen,  and  M.  Tfchirn¬ 
haufen  did  not  acknowledge  his  miftake  till  fome  years  after,  on 
the  communication  of  a  new  obfervation  of  M.  Bernoulli. 

*  Montucla,  Vol.  2,  p.  343.  f  Saverien’s  Didlionaire,  Vol.  1,  p.  136. 
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Other  geometricians  prefently  improved  upon  the  theory  of 
M.  Tfchirnhaufen,  extending  the  cauftic  curves  to  converging 
and  diverging  rays,  refradted  as  well  as  reflected.  They  who 
diftinguifhed  themfelves  the  moft  upon  this  fubjedt  were  the  two 
illuftrious  brothers,  James  and  John  Bernoulli.  * 

M.  Bouguer,  who  was  as  eminent  for  his  fkill  in  geometry,  as 
for  his  improvements  in  opticks,  of  which  an  account  will  be 
given  in  the  laft  period  of  this  hiftory,  obferved  that  there  are 
two  caujlics  formed  at  the  fame  time,  by  convex  and  concave  fur- 
faces,  and  that  they  occafion  two  different  images  of  objects,  feen 
by  reflexion  from  them.  This  obfervation,  he  fays,  is  the  more 
important,  as  both  the  images  are,  in  fome  cafes,  equally  diftindh 
To  give  an  idea  of  this  double  cauftic,  let  AIB,  fig.  65,  re- 
prefent  the  furface  of  a  perfedtly  polifhed  fphere.  All  the  inci¬ 
dent  rays  which  are  infinitely  near  to  one  another,  and  which 
fall  upon  D  and  d,  will  be  reflected  as  if  they  had  ifliied  from 
G,  but  the  rays  that  proceed  laterally,  with  refpedt  to  thofe  that 
fall  on  D,  that  is  thofe  which  fall  on  e ,  will  not  come  to  the  eye 
as  if  they  had  iffued  from  G,  but  from  E,  in  which  the  reflected 
rays  interfedt  the  axis  of  the  globe  AB,  which  paffes  through  the 
luminous  body  L.  In  reality,  the  incident  ray  L  e ,  and  the  re¬ 
flected  ray  en>  are  in  a  different  plane  from  the  rays  LD  and  DM ; 
and  thefe  two  planes  have  CL  for  their  common  fedtion.  We 
mull  therefore  diftinguifh  the  two  different  foci  of  reflected  rays, 
according  as  the  incident  ones  fall  above  or  below  D,  or  laterally 
with  refpedt  to  it. 

If  the  aperture  of  our  eyes  was  a  narrow  vertical  cleft,  we 
fhould  only  receive  the  rays  which  have  their  focus  at  G  ;  where¬ 
as,  if  our  pupil  was  a  horizontal  cleft,  we  fhould  only  be  affedt- 

*  Montuda,  Vol.  2,  p.  344. 
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ed  by  thofe  rays  that  feem  to  come  from  the  point  E.  But  as 
the  light  enters  our  eye  by  a  round  aperture,  both  the  images 
will  be  formed  upon  the  retina  at  the  fame  time  ;  and  if,  notwith- 
Aanding  this,  we  almoft  always  perceive  only  one  of  them,  it  is 
chiefly  becaufe  our  eyes  are  not  adapted  to  fee  fmall  objects  with 
the  fame  diflindnefs  at  all  diflances,  and  that  one  of  the  two  is 
at  a  more  convenient  diflance  from  the  eye  than  the  other.  * 
Befides  the  difcufiion  of  the  optical  queftion  abovemention- 
ed,  which,  probably,  gave  the  firfl:  hint  of  thefe  cauftic  curves. 
Dr.  Barrow  was  the  firfl;  who  gave  the  theory  of  the  foci  of  len- 
fes  of  different  convexities  and  concavities,  combined  in  all  pof- 
fible  methods.  For,  excepting  a  very  few  cafes,  the  foci  of  fuch 
glafles  had,  before  his  time,  been  determined  by  experiment  only. 
This  geometrician  alfo  gave  a  complete  and  elegant  folution  of 
the  problem,  to  determine  univerfally  the  concourfe  of  incident 
rays,  whether  parallel,  converging,  or  diverging,  as  well  as  other 
problems,  in  which  geometry  lends  its  aid  to  opticks  ;  but  as 
they  refped  no  new  property  of  light  or  colours,  it  is  more  a- 
greeable  to  my  plan  wholly  to  omit  the  mention  of  them.-f* 

M.  De  la  Hire  obferved  that,  when  a  luminous  objed  is 
viewed  through  a  plane  and  polifhed  glafs  in  the  dark,  it  often 
appears  multiplied  4  times,  or  more,  and  that  the  multiplied  ob¬ 
ject  appears  more  diftind,  the  more  obliquely  the  glafs  is  held 
with  refped  to  the  eye.  This  multiplication  of  objeds  appears 
fometimes  on  one  fide,  and  fometimes  on  the  other  fide  of  the 
luminous  objed;  and  the  images  grow  more  and  more  faint  in 
proportion  to  their  diflance  from  it ;  but  there  is  an  oblique  po- 
fition  of  the  glafs,  in  which  the  objed  does  not  appear  multi - 

*  Traite  d’  Optique,  p.  100.  f  Montucla,  Vol.  z,  p.  597. 
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plied  ;  and  fome  glafles  do  not  multiply  an  objedt  in  this  manner, 
though  they  be  ever  fo  much  inclined. 

By  tracing  the  progrefs  of  a  ray  of  light  through  fuch  plates 
of  glafs,  this  philofopher,  who  was  alfo  an  excellent  geometri¬ 
cian,  found  that,  if  the  two  fides  were  truly  parallel,  this  mul¬ 
tiplication  of  images  could  not  take  place;  becaufe  every  ray,  be¬ 
ing  equally  refradted  at  both  the  furfaces,  muft  iflue  parallel  to 
the  diredtion  in  which  it  entered ;  and  that,  therefore,  no  more 
of  them  can  enter  the  pupil' of  the  eye  than  if  the  objedt  had 
been  viewed  without  the  glafs  interpofed.  He  alfo  (hews  that, 
if  the  rays  be  refledted  ever  fo  often  within  the  glafs,  from  one 
furface  to  the  other,  they  will  ftill  iflue  parallel,  and  therefore 
can  never  make  the  objedt  appear  in  more  places  than  one,  as  ap¬ 
pears  by  fig.  66,  which  needs  no  explanation. 

But  he  demonftrates  that,  if  the  two  furfaces  of  the  glafs  be 
not  parallel,  but  inclined  to  one  another,  as  ED  and  BD,  fig.  67, 
every  ray  that  fuffers  two  refradtions,  as  CR,  will  iflue  in  PO, 
making  a  larger  angle  with  the  furface  BD  than  BO,  which  has 
not  been  reflected  within  the  glafs  ;  and  confequently  thele  two 
rays  will  meet  fomewhere,  as  in  the  point  O,  where  if  the  eye 
be  fituated,  it  will  fee  two  images  of  the  objedt  C,  one  by  means 
of  the  ray  BO,  which  will  be  much  the  ftronger,  and  the  other 
by  means  of  PO,  which  will  be  weaker,  and  fituated  on  the 
right  hand  of  the  principal  image.  Other  rays  falling  beyond  Pv, 
being  refledted  oftener  within  the  glafs,  will,  for  the  fame  rea- 
fon,  form  other  images,  more  diftant  from  the  place  of  the  firffc ; 
and  a  great  part  of  the  light  being  loft  at  every  reflexion,  they 
will  be  continually  fainter  and  fainter.  In  the  fame  manner  he 
demonftrates  geometrically,  that  the  more  obliquely  the  glafs  is 
held,  the  greater  is  the  diftance  between  thefe  images. 
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In  the  cafe  that  has  now  been  explained,  it  appears,  that  the 
multiplication  of  images  will  be  on  the  right  hand  of  the  prin¬ 
cipal  image ;  but  when  the  two  furfaces  are  inclined  the  other 
way,  as  in  fig.  68,  he  (hews,  by  tracing  the  progrefs  of  the  rays 
in  a  fimilar  manner,  that  the  images  will  fall  on  the  contrary 
fide  of  the  principal  image ;  fo  that  they  will  always  appear  on 
that  fide  to  which  the  two  furfaces  are  inclined  to  one  another. 

Thefe  obfervations  he  alfo  applies  to  the  images  of  luminous 
obje&s  feen  by  reflexion,  (hewing  that  there  will  be  feveral  repe¬ 
titions  of  the  image,  if  the  two  furfaces  of  the  glafs  mirror  be 
inclined  to  one  another ;  and  that,  in  this  cafe,  alfo,  the  faint 
images  will  appear  on  that  fide  of  the  principal  image,  on  which 
they  are  inclined  to  another. 

Not  contenting  himfelf  with  this  curious  theory,  which  gives 
fo  complete  a  folution  of  the  phenomenon,  he  applies  it  to  try 
the  parallelifm  of  the  furfaces  of  polifhed  plates  of  glafs,  as  by 
this  means  it  may  be  done  with  incomparably  more  exa&nefs 
than  it  can  be  meafured  by  the  nicefl:  calippers.  The  methods 
of  trial  that  he  recommends  are  the  image  of  a  candle  in  the 

*  .  1  * 

dark,  and  that  of  a  black  thread  in  the  light.  If,  in  all  poli- 
tions  of  the  eye  and  the  glafs,  the  image  be  Angle,  it  may  be 
concluded  that  the  two  furfaces  are  exactly  parallel ;  but  if  two 
or  more  images  appear,  it  may  be  concluded  that  the  fur¬ 
faces  are  not  parallel.  *  Moreover,  in  turning  the  glafs  round,, 
whenever  the  images  of  the  thread  coincide,  the  furfaces  are 
parallel  in  the  dire&ion  of  the  thread ;  and  a  perpendicular  to 
that  line  will  difcover  the  place  to  which  they  are  inclined. 

•  This  however  will  not  be  exactly  tree,  tuilefs  the  object  be  at  an  infinite  diftance. 

The 
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The  images  will  appear  the  fartheft  afunder  in  the  pofition  of 
the  glafs  which  is  perpendicular  to  that  in  which  they  coincided, 
and  that  fide  on  which  the  weaker  images  appear  may  be  con¬ 
cluded  to  be  thinner  than  the  other.  The  demonftrations  of 
thefe  propofitions,  with  a  great  variety  of  figures  to  explain 
them,  may  be  feen  in  the  memoirs  of  the  F rench  academy  for 
1699,  p.  108,  &c. 

This  excellent  geometrician  took  a  great  deal  of  pains  in  de- 
monftrating,  as  he  thought,  that,  fuppofing  the  denfity  of  the 
air  be  in  proportion  to  its  weight,  the  curve  into  which  a  ray 
of  light  will  be  bent  by  its  refraCting  power,  in  its  pafiage  through 
it,  will  be  a  cycloid.  If  the  ray  be  a  tangent  to  the  atmofphere, 
the  diameter  of  the  generating  circle  of  this  cycloid,  he  fays,  will 
be  the  height  of  the  atmofphere;  but  that  this  diameter  increafes 
as  the  rays  fall  upon  the  atmofphere  with  lefs  obliquity,  and 
that  when  they  are  perpendicular,  the  diameter  of  the  generat¬ 
ing  circle  will  be  infinite,  that  is,  that  the  circle  itfelf  will  de¬ 
generate  into  a  right  line;  which  agrees  with  the  common  ob- 
fervation,  that  a  perpendicular  ray  fuffers  no  refraction.  This 
is  upon  the  fuppofition  that  the  furface  of  the  atmofphere  is  a 
plane;  but  fince  it  is  a  curve,  he  obferves  that  thefe  cycloids 
will,  in  faCt,  be  epicycloids.  But  this  change  makes  no  mate¬ 
rial  alteration  in  their  principal  properties.  * 

Hermannus,  however,  hasfhewnthat  M.Dela  Hire  was  mifta- 
ken,  for  that  this  curve  is  infinitely  extended,  and  has  an  afymp- 
tote  ;-j-  and  Dr.  Brook  Taylor,  in  his  Methodus  hicrementorumy 
has  fhewn  that  this  curve  is  one  of  the  moft  perplexed,  and  in¬ 
tricate  that  can  well  be  propofed.  § 

*  Ac.  Par.  Mem.  p.  76.  f  Atta  Eruditorum,  1706,  p.  257.  §  Phil.  Tranf.  ab. 
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The  discoveries  of  Sir  Isaac  Newton. 


OF  all  the  difcoveries  that  have  been  made  concerning  the  na¬ 
ture  of  light  and  colours,  there  are  none  that  make  any 
thing  like  fo  great  a  figure  as  thofe  of  Sir  Ifaac  Newton.  They 
are,  perhaps,  the  mod:  illuftrious  of  all  his  own  atchievements  in 
the  whole  compafs  of  philofophy,  for  even  his  Principia  itfelf 
has  not  been  read  with  more  admiration  and  applaufe  than  his 
Opticks.  Indeed,  the  fubjedt  of  thefe  difcoveries  contributes 
greatly  to  throw  a  luflre  upon  them;  for  what  can  be  expected 
to  engage  the  attention  of  mankind  more  than  light,  or  the 
properties  of  that  medium  by  means  of  which  all  the  beauty  and 
glory  of  the  creation  are  laid  open  to  us.  In  the  opinion  of 
Plato,  to  pry  into  the  myfteries  of  light,  was  to  encroach  upon 
the  prerogatives  of  divinity. 

It  cannot  but  contribute,  alfo,  to  excite  our  attention  to  thefe 
difcoveries,  that  they  were  made  by  a  perfon  who  is  univerfally 
acknowledged  to  have  been  the  moft  eminent  of  mankind,  for 
his  profound  fkill,  and  various  improvements  in  many  branches 
of  mathematicks  and  philofophy,  and  that  they  were  made  by 
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him  in  the  prime  of  life,  when  his  fagacity  was  the  quickeft, 
and  all  his  powers  capable  of  their  greatefl  exertion.  I  believe 
I  fhall  not  be  contradi&ed  by  any  perfon  who  is  acquainted  with 
the  hiftory  of  philofophy,  if  I  add,  that  there  is  no  example  of 
any  philofophical  inquiry  conducted  with  more  circumfpe&ion, 
or  in  which  the  aid  of  mathematicks  was  applied  with  more  ad¬ 
vantage  or  addrefs ;  and  no  inquiry  could  be  more  fuccefsful,  or 
appear  more  extraordinary  and  furprifing,  when  it  was  com¬ 
pleted. 

We  even  find  that  the  principal  of  thefe  optical  difcoveries 
appeared  very  extraordinary  to  the  author  himfelf,  feven  or  eight 
years  after  they  were  made,  at  which  time  he  firfi:  communi¬ 
cated  an  account  of  them  to  the  Royal  Society.  This  appears 
by  a  paragraph  in  a  letter  of  his  to  Mr.  Oldenburgh,  Secretary 
to  the  Royal  Society,  dated  Cambridge,  Jan.  18,  1672,  which, 
becaufe  I  think  it  will  amufe  my  reader,  I  fhall  here  copy  ver¬ 
batim. 

“  I  defire  that,  in  your  next  letter,  you  would  inform  me  for 
“  what  time  the  fociety  continue  their  weekly  meetings  ;  be- 
“  caufe,  if  they  continue  them  for  any  time,  I  am  purpofing 
“  them  to  be  confidered  and  examined,  on  account  of  a  philofo- 
“  phical  difcovery  which  induced  me  to  the  making  of  the  faid 
“  telefcope  ;  and  I  doubt  not  but  will  prove  much  more  grate- 
“  ful  than  the  communication  of  that  infirument,  being,  in  my 
“judgment,  the  oddeft,  if  not  the  mod  confiderable  detection  y 
“  which  hath  hitherto  been  made  in  the  operations  of  nature.* 
If  this  look  like  vanity  in  fo  great  a  man,  it  is  however,  the 
language  of  nature,  and  certainly  very  pardonable.  How  often 

*  Birch’s  Hiltory,  Vol.  3,  p.  5. 
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do  we  fee  men  give  themfelves  airs  of  the  greateft  confequence, 
on  account  of  the  mofl:  trifling  difcoveries ;  and  we  are  glad  to 
bear  any  thing  of  this  nature,  for  the  fake  of  the  fmallefl:  advan¬ 
tage  to  the  caufe  of  truth  and  fcience. 

Before  the  time  of  Newton  we  find  no  hypothefis  concerning 
colours  of  the  leaf!  confequence,  or  indeed,  that  was  held  in  any 
degree  of  efteem  among  philofophers.  And  even  thofe  who  op- 
pofed  Newton  advanced  no  other  hypothefis,  on  which  they 
themfelves  laid  much  ftrefs.  The  opinions  of  the  old  philofo¬ 
phers  are  not  worth  repeating  in  this  place.  I  Ihall,  however, 
jufl:  mention  fome  of  them,  and  bring  fome  other  diftinguifhed 
hypothefes  into  one  view,  though  mofl:  ot  them  have  been  related 
before,  as  they  may  ferve,  by  way  of  contrail,  to  heighten  our 
value  for  the  capital  advancement  in  real  knowledge,  which  is 
the  fubjedt  of  this  part  of  my  work. 

The  Pythagoreans  called  colour  the  fuperficies  of  body.  Plato 
faid  that  it  was  a  flame  iffuing  from  them.  According  to  Zeno 
it  is  the  firfl:  configuration  of  matter,  and  Ariftotle  faid  it  was  that 
which  moved  bodies  actually  tranfparent.  Defcartes  very  fenfi- 
bly  argued  that  colour  is  a  modification  of  light 3  but  he  fuppof- 
ed  that  the  difference  of  colour,  arifes  from  the  prevalence  of 
the  diredt  or  rotatory  motion  of  the  particles  of  which  it  confifts. 
Father  Grimaldi,  Dechales,  and  many  others  thought  the  diffe¬ 
rences  of  colour  depended  upon  the  condenfation  and  rarefaction 
of  light.  Molebranche  was  of  opinion,  that  differences  in  colour 
depend  upon  the  quick  or  flow  vibrations  of  a  certain  elaflic  me¬ 
dium  filling  the  whole  univerfe.  Rohault  imagined  that  the 
different  colours  were  made  by  the  rays  of  light  entering  the  eye  at 
different  angles  with  refpedt  to  the  optic  axis  3  and  from  the  phe¬ 
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nomenon  of  the  rainbow  he  pretended  to  calculate  the  precife 
angle  that  conftituted  each  particular  colour.  Laftly,  Dr.  Hooke, 
the  rival  of  Newton,  imagined,  that  colour  is  caufed  by  the 
fenfation  of  the  oblique,  or  uneven  pulfe  of  light ;  and  this  be¬ 
ing  capable  of  no  more  than  two  varieties,  he  concluded  that 
there  could  be  no  more  than  two  primary  colours. 

After  thefe  random  conjectures,  unfupported  by  a  fhadow  of 
evidence,  or  fo  much  as  an  attempt  at  experimental  proof,  with 
what  fatisfa&ion  is  it,  that  we,  at  length,  come  to  the  difcovery  of 
a  theory  of  light  and  colours,  ftriking  and  beautiful  in  itfelf, 
drawn  from  the  cleared:  and  molt  decilive  experiments.  This 
theory,  therefore,  with  its  proper  evidence,  I  fhall  now  proceed 
to  lay  before  my  reader,  and  I  fhall  chufe  to  begin  with  the  au¬ 
thor’s  own  account  of  it,  when  he  firft  communicated  it  to  the 
Royal  Society ;  as,  by  this  means,  we  fhall,  in  fome  meafure,  fee 
the  natural  progrefs  of  his  ideas,  while  he  was  conducting  the 
inveftigation. 
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SECTION  I. 


Of  the  different  refrangibility  of  the 

RAYS  OF  LIGHT. 

i  ‘ 


IN  the  year  1666,  at  which  time  Sir  Ifaac  Newton  was  bufy  in 
grinding  optic  glafles,  he  procured  a  triangular  glafs  prifm,  to 
fatisfy  himfelf  concerning  the  celebrated  phenomena  of  colours. 
In  order  to  this,  having  darkened  his  chamber,  and  made  a  fmall 
hole  in  his  window  fhutter,  to  let  in  a  convenient  quantity  of 
the  fun’s  light ;  he  placed  his  prifm  at  the  entrance  of  it,  that  it 
might  be  refradted  to  the  oppofite  wall.  Things  being  difpofed 
in  this  manner,  our  philofopher  was,  at  firft,  agreeably  amufed 
with  viewing  the  vivid  and  intenfe  colours  produced  by  the  prifm; 
but,  confidering  them  with  attention,  he  was  more  furprifed  to  ob- 
ferve  the  oblong  form  of  the  image,  which,  according  to  the  re¬ 
ceived  laws  of  refradtion,  he  expedted  would  have  been  circular. 
For,  F.  Grimaldi’s  treatife  being  publifhed  only  that  very  year, 
he  was  not  acquainted,  that  the  very  fame  obfervation  had  been 
made  before.  The  fides  of  this  oblong  image  were  termi¬ 
nated  by  ftraight  lines,  but  at  the  ends  the  decay  of  light  was  fo 
gradual,  that  he  could  not  eafily  determine  of  what  figure  they 
were,  though  he  thought  they  were  femicircular. 
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Upon  meafuring  this  coloured  fpedtrum,  he  found  that  its 
length  was  about  5  times  greater  than  its  breadth  ;  which  was 
fuch  a  difproportion,  that  it  excited  in  him,  as  he  fays,  a  more 
than  ordinary  curiofity  to  examine  from  whence  it  might  pro¬ 
ceed.  He  could  hardly  think  that  any  difference  in  the  thick- 
nefs,  in  the  difference  of  the  glafs,  or  the  termination  of  it  by 
fhadow,  or  darknefs,  could  have  any  influence  on  light,  to  pro¬ 
duce  fuch  an  effect.  Not  concluding  any  thing,  however,  a  pri¬ 
ori,  he  proceeded  to  examine  thefe  circumftances  ;  and  particu¬ 
larly  tried  what  would  be  the  confequence  of  tranfmitting  the 
light  through  parts  of  the  glafs  that  w’ere  of  different  thickneffes, 
or  through  holes  in  the  window  ihutter  of  different  fizes ;  or 
by  fetting  the  prifm  on  the  outfide  of  the  fhutter,  that  the  light 
might  pafs  through  it,  and  be  refracted  before  it  was  terminated 
by  the  hole. 

He  then  fufpedted  that  thefe  colours  might  arife  from  the  light 
being  dilated  by  fome  unevenefs  in  the  glafs,  or  fome  other  acci¬ 
dental  irregularity ;  and  to  try  this,  he  took  another  prifm,  like 
the  former,  and  placed  it  in  fuch  a  manner,  as  that  the  light, 
palling  through  them  both,  might  be  refracted  contrary  ways, 
and  fo  be  returned  by  the  latter  into  the  fame  courfe  from  which 
it  had  been  diverted  by  the  former.  In  this  manner  he  thought 
that  the  regular  effe&s  of  the  firfl  prifm  would  be  deflroyed  by 
the  fecond ;  but  that  the  irregular  ones  would  be  augmented  by 
the  multiplicity  of  refra&ions.  The  event  was,  that  the  light, 
which  by  the  firft  prifm  was  diffufed  into  an  oblong  form,  was 
by  the  fecond  reduced  into  a  circular  one,  with  as  much  regula¬ 
rity  as  if  it  had  not  paffed  through  either  of  them. 
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That  this  experiment  may  be  better  understood,  let  EG,  fig. 
69,  reprefent  the  window  Shutter,  and  F  the  hole  in  it,  through 
which  the  light  is  tranfmitted  to  the  prifm  ABC,  which  refrads 
the  light  towards  PT,  where  it  appears  in  an  oblong  form.  In 
fig.  70,  agb  reprefents  a  fecond  prifm,  which  refrads  the  light 
back  again  to  where  the  image  is  round  ;  whereas,  without 
the  interpofition  of  this  fecond  prifm,  the  light  would  have  pro¬ 
ceeded  to  PT,  and  confequently  have  been  oblong  as  before.  In 
this  experiment  he  took  care  that  the  plane  a  g ,  was  placed  exact¬ 
ly  parallel  to  BC,  and  alfo  b g  to  AC,  that  the  rays  might  be 
equally  refraded,  though  in  contrary  ways,  by  both  prifms.  He 
alfo  obferved,  that  the  prifms  muft  be  placed  very  near  to  one  a- 
nother  $  for  if  their  distance  be  fo  great,  that  colours  begin  to 
appear  in  the  light,  before  its  incidence  on  the  fecond  prifm,  thofe 
colours  will  not  be  deftroyed  by  the  refradion  of  that  prifm. 

He  then  proceeded  to  examine  more  accurately  what  might 
be  effeded  by  the  difference  of  the  incidence  of  rays  coming 
from  different  parts  of  the  fun’s  difk  and  for  this  purpofe  he 
meafured  all  the  lines  and  angles  belonging  to  the  image.  Its 
distance  from  the  hole  or  prifm  was  22  feet,  its  greateft  length 
1 3  i  inches,  its  breadth  2  and  the  diameter  of  the  hole  ~  of 
an  inch.  The  angle  which  the  rays,  tending  towards  the  middle 
of  the  image,  made  with  thofe  lines  in  which  they  would  have 
proceeded  without  refradion  was  44  0  56',  and  the  vertical  angle 
of  the  prifm  63°  I27.  Alfo  the  angles  of  refradion  on  both 
fides  of  the  prifm,  that  is,  of  the  incident  and  emerging  rays, 
were,  as  near  as  he  could  make  them,  equal,  and  confequent¬ 
ly  were  540  4'',  and  the  rays  fell  perpendicularly  upon  the  wall. 
Subtrading  the  diameter  of  the  hole  from  the  length  and  breadth 
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of  the  image,  he  found  that  there  remained  13  inches  in  the 
length,  and  2  4  in  the  breadth,  comprehended  by  thofe  rays  which 
paffed  through  the  center  of  the  faid  hole  ;  and  confequently  the 
angle,  which  that  breadth  fubtended  at  the  hole  was  about  3 1 
minutes,  anfwering  to  the  fun’s  diameter ;  but  that  the  angle 
fubtended  by  its  length  was  more  than  five  fuch  diameters, 
viz.  20. 49' 

Having  made  thefe  obfervations,  he  firft  computed  from  them 
the  refractive  power  of  the  glafs  of  his  prifin,  and  found  that  it 
meafured,  by  the  ratio  of  the  fines,  20  to  31,  and  then  by  that  ratio 
he  computed  the  refractions  of  the  two  rays  coming  from  oppofite 
parts  of  the  fun’s  difk,  fo  as  to  differ  31  minutes  in  their  obli¬ 
quity  of  incidence,  and  found  that  the  emerging  rays  fhould  have 
comprehended  an  angle  of  about  31  minutes,  as  they  did  before 
they  were  incident. 

But  becaufe  this  computation  was  founded  on  the  hypothefis 
of  the  proportionality  of  the  fines  of  incidence  and  refraction 
(though,  by  his  own  experience,  he  could  not  imagine  it  to  be 
fo  erroneous  as  to  make  that  angle  but  31  minutes,  which,  in 
reality,  was  20497)  his  curiofity  induced  him  to  take  his  prifm 
a  fecond  time  ;  and  having  placed  it  at  the  hole  in  the  window 
fhutter  as  before,  he  obferved  that,  by  turning  it  a  little  about 
its  axis,  fo  as  not  to  vary  its  obliquity  to  the  light  more  than  by 
an  angle  of  4  or  5  degrees,  the  colours  were  not  thereby  fenfibly 
removed  from  their  place  on  the  wall;  fo  that  the  quantity  of  re¬ 
fraction  was  not  fenfibly  changed  by  that  variation  of  incidence. 
By  this  experiment,  therefore,  as  well  as  by  the  former  compu¬ 
tation,  it  was  evident  to  him,  that  the  difference  of  the  inci¬ 
dence  of  rays  flowing  from  different  parts  of  the  fun  could  not 
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make  them,  after  eroding  one  another,  to  diverge  at  a  fendbly 
greater  angle,  than  that  at  which  they  before  converged  which, 
being  at  mod;  but  about  31  or  32  minutes,  there  dill  remained 
fome  other  caufe  to  make  it  2°49/. 

He  then  began  to  fufpedt  that  the  rays,  after  being  tranfmitted 
through  the  prifm,  might  move  in  curve  lines,  and,  according 
to  their  greater  or  lefs  degree  of  curvature,  tend  to  different  parts 
of  the  wall ;  and  his  fufpicion  was  increafed  by  remembring  to 
have  often  feen  a  tennis  ball,  druck  with  an  oblique  raquet,  to 
defcribe  fuch  a  curve.  For  a  circular,  as  well  as  a  progreflive 
motion,  being  communicated  to  it  by  that  droke,  its  .parts,  on 
that  fide  where  the  motions  confpire,  mud:  prefs,  and  beat  the 
contiguous  air  more  violently  than  on  the  other,  and  there  excite 
a  proportionably  greater  reaction  of  the  air.*  He  therefore  con¬ 
cluded,  that  if  the  rays  of  light  fhould  be  globular  bodies,  and 
by  their  oblique  paffage  out  of  one  medium  into  another,  ac¬ 
quire  a  circular  motion,  they  ought  to  meet  with  a  greater  redf- 
tance  from  the  ambient  aether,  on  that  dde  where  the  motions 

l 

confpire,  and  thence  be  continually  bended  to  the  other.  But, 
notwithdanding  this  plaufible  ground  of  fufpicion,  when  he  came 
to  examine  it,  he  could  not  find  any  fuch  curvature  ;  and  beddes, 
which  was  enough  for  his  purpofe,  he  obferved,  that  the  diffe¬ 
rence  in  the  length  of  the  image  and  the  diameter  of  the  hole 
through  which  the  light  was  tranfmitted,  was  proportionable  to 
their  didance. 

The  gradual  removal  of  thefe  fufpicions  led  him  at  length  to 
what  he  judly  calls  the  experimentum  cruris,  which  completed 
this  great  difcovery.  He  took  two  boards,  and  placed  one  of 

*  With  refpecl  to  this  fadt,  our  author  feems  to  have  been  miftaken. 
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them  clofe  behind  the  prifm  at  the  window,  fo  that  the  light 
might  pafs  through  a  fmall  hole  made  in  it  for  the  purpofe,  and 
fall  on  the  other  board,  which  he  placed  at  the  diftance  of  about 
1 2  feet ;  having  firft  made  a  fmall  hole  in  it  alfo,  for  fome  of 
that  incident  light  to  pafs  through.  He  then  placed  another 
prifm  behind  the  fecond  board,  fo  that  the  light  which  was  tranf- 
mitted  through  both  the  boards  might  pafs  through  that  alfo, 
and  be  again  refracted  before  it  arrived  at  the  wall.  This  being 
done,  he  took  the  firft  prifm  in  his  hand,  and  turned  it  about 
its  axis,  fo  much  as  to  make  the  feveral  parts  of  the  image,  call 
on  the  fecond  board,  fucceftively  to  pafs  through  the  hole  in  it, 
that  he  migfit  obferve  to  what  places  on  the  wall  the  fecond  prifm 
would  refradt  them  ;  and  he  faw,  by  the  change  of  thofe  places, 
that  the  light  tending  to  that  end  of  the  image,  towards  which 
the  refradtion  of  the  firft  prifm  was  made,  did,  in  the  fecond 
prifm,  fuffer  a  refradtion  confiderably  greater  than  the  light  which 
tended  to  the  other  end.  The  true  caufe,  therefore,  of  the  length 
of  that  image  was  difcovered  to  be  no  other,  than  that  light  is 
not  fimilar,  or  homogeneal ,  but  that  it  confifts  of  rays,  fome  of 
which  are  more  refrangible  than  others  ;  fo  that,  without  any 
difference  in  their  incidence  on  the  fame  medium,  fome  of  them 
fhall  be  more  refradted  than  others  ;  and  therefore,  that,  accord¬ 
ing  to  their  particular  degrees  of  refrangibility,  they  will  be  tranf- 
mitted  through  the  prifm  to  different  parts  of  the  oppofite  wall.* 
To  make  this  capital  experiment  the  more  intelligible,  let 
SF,  fig.  71,  reprefent  a  ray  of  the  fun,  which,  after  paffing 
through  a  hole  in  the  window  fliutter  F,  is  received  by  the  prifm 
ABC,  clofe  behind  which  is  placed  a  board  DE,  with  a  hole  in 
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it  at  G,  to  admit  any  of  the  rays  after  they  had  been  fepa- 
rated  by  the  prifm.  Then  de  will  reprefent  the  other  board, 
placed  at  a  confiderable  diftance  from  the  former,  with  a  hole  in 
it  gy  to  receive  any  part  of  the  light  tranfmitted  through  the 
other  board.  Behind  this  fecond  board  is  placed  another  prifm, 
a  b  Cy  through  which  different  rays  of  light,  falling  upon  it  in  the 
very  fame  place,  and  with  precifely  the  fame  angle  of  incidence, 
will  be  refraded  higher  or  lower,  on  the  oppofite  wall  MN. 

That  we  may  have  fome  idea  of  the  extreme  circumfpedion 
of  this  philofopher,  in  the  care  he  took  to  adjuft  his  prifms,  and 
other  circumftances  of  the  foregoing,  and  alfo  the  following  ex¬ 
periments,  I  fhall  recite  fome  of  the  particulars,  as  they  are  de- 
feribed  by  himfelf  in  his  treatife  on  Opticks.  The  axis  of  his 
prifms  was  always  placed  perpendicularly  to  the  incident  rays. 
About  this  axis  he  turned  the  prifm  flowly,  fo  as  to  fee  the  co¬ 
loured  image  of  the  fun  upon  the  wall  firft  to  defeend  and  then 
to  afeend  ;  and  between  the  defeent  and  afeent,  when  the  image 
feemed  ftationary,  he  fixed  the  prifm,  that  it  might  move  no 
more.  For,  in  that  pofition  of  the  prifm,  the  refradions  of  the 
light  at  both  its  fides  are  equal  to  one  another.  The  prifm  being 
thus  fixed,  he  let  the  refraded  light  fall  perpendicularly  upon  a 
fheet  of  white  paper  at  the  oppofite  wall  of  the  chamber.  If 
the  prifm  was  turned  about  its  axis  that  way  which  made  the 
rays  emerge  more  obliquely  out  of  the  fecond  refrading  furface 
of  the  prifm,  the  image  foon  became  an  inch  or  two  longer  or 
more  ;  and  if  the  prifm  was  turned  about  the  contrary  way,  fo 
as  to  make  the  rays  fall  more  obliquely  on  the  firft  refrading  fur- 
face,  the  image  foon  became  an  inch  or  two  fhorter. 
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The  firft  prifm  that  he  made  ufe  of  had  fome  veins  running 
along  within  the  glafs,  from  one  end  to  the  other,  which  fcatter- 
ed  fome  of  the  light  irregularly,  but  had  no  fenfible  effed:  in  in- 
creafing  the  length  of  the  coloured  image  ;  for  he  tried  the  fame 
experiment  with  other  prifms,  with  the  fame  fuccefs,  and  parti¬ 
cularly  with  one  which  feemed  free  from  fuch  veins,  and  whofe 
refradting  angle  was  62  4-  degrees.  With  this  prifm  the  length 
of  the  image  was  9  -4  or  1  o  inches,  at  the  diftance  of  1 8  i  feet 
from  the  prifm,  the  breadth  of  the  hole  in  the  window  fhutter 
being  4  of  an  inch,  as  before.  And  becaufe  it  was  ea  fy  to  make 
a  miftake  in  placing  the  prifm,'  he  repeated  the  experiment  four 
or  five  times,  and  always  found  the  length  of  the  image  the  fame 
as  above. 

With  another  prifm  of  clearer  glafs,  and  of  better  polifh,  which 
feemed  free  from  veins,  and  whofe  refracting  angle  was  63  i  de¬ 
grees,  the  length  of  the  image,  at  the  fame  diftance  of  1 8  f  feet, 
was  alfo  about  1  o  inches,  or  1  o  4-  Beyond  thefe  meafures,  for  a- 
bout  f  or  t  of  an  inch  at  either  end  of  the  image,  the  light  of 
the  clouds  feemed  to  be  tinged  with  red  and  violet,  but  fo  very 
faintly,  that  he  fufpe&ed  the  tinge  might  arife  from  fome  rays  of 
the  image  being  fcattered  irregularly,  by  inequalities  in  the  fub- 
ftance  and  polifh  of  the  glafs,  and  therefore  he  did  not  include 
it  in  thofe  meafures. 

Neither  the  different  magnitude  of  the  hole  in  the  window 
fhutter,  nor  the  different  thickneffes  of  the  prifm,  at  the  place 
where  the  rays  paffed  through  it,  nor  the  different  inclinations 
of  the  prifm  to  the  horizon  made  any  fenfible  change  in  the 
length  of  the  image.  Neither  did  the  different  matter  of  the 
prifms  make  any;  for  in  a  veffel  made  of  polifhed  plates  of 
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glafs,  cemented  together  in  the  fhape  of  a  prifm,  and  filled  with 
water,  the  experiments  fucceeded  as  before,  according  to  the  quan¬ 
tity  of  refraction.* 

Though  the  truth  of  this  famous  hypothefis,  of  the  different 
refrangibility  of  the  rays  of  light,  be  fufficiently  evident  from 
the  foregoing  decifive  experiments,  it  cannot  but  give  pleafure 
to  my  reader,  to  fee  an  account  of  fome  of  the  moft  ftriking  of 
the  fubfequent  experiments  which  our  author  publifhed  in  his 
treatife  on  Opticks,  as  a  farther  confirmation  of  the  fame  con- 
clufion. 

In  a  beam  of  the  fun,  which  was  tranfmitted  into  the  room 
through  a  hole  in  the  window  fhutter,  at  the  diftance  of  fome 
feet  from  the  hole,  ufing  the  fame  precautions  as  are  men¬ 
tioned  above,  he  looked  at  the  hole  through  the  prifm,  and  ob- 
ferved  the  length  of  its  refraCted  image  to  be  many  times  greater 
than  its  breadth.  The  moft  refracted  part  of  it  was  violet,  the 
lead:  refraCted  red,  the  middle  parts  blue,  green,  and  yellow,  in 
order.  The  fame  thing  happened  when  he  removed  the  prifm 
out  of  the  fun’s  light,  and  looked  through  it  upon  the  hole  fhin- 
ing  by  the  light  of  the  clouds  beyond  it.  -f* 

Confidering  that,  if  the  image  of  the  fun  fhould  be  drawn  in¬ 
to  an  oblong  form,  either  by  a  dilatation  of  every  ray,  or  by  any 
other  cafual  inequality  of  the  refractions,  the  fame  oblong  image 
would,  by  a  fecond  refraction,  made  fide  ways,  be  drawn  out  as 
much  in  breadth,  he  placed  a  fecond  prifm  immediately  after  the 
firft,  in  an  oblique  pofition  with  refpeCt  to  it,  that  it  might  a- 
gain  refraCt  the  light  of  the  beam  of  the  fun’s  light,  which  came 
to  it  through  the  firft  prifm ;  fo  that  in  the  firft  prifm,  the  beam 

*  Newton’s  Optieks,  p.  22.  f  lb.  p.  27. 
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would  be  refra<2pi  .upwards,  and  in  the  fecond  tideways.  But 
he  found  that  the  breadth  of  the  image  was  not  increafed  by  the 
refraCbion  of  the  fecond  prifm,  but  only  its  upper  part,  which, 
in  the  firti:  prifm  fuffered  the  greateti:  refraction,  and  appeared 
violet  and  blue,  did  again,  in  the  fecond  prifm,  fuffer  a  greater 
refraCtion  than  the  lower  part  of  it,  which  was  red  and  yellow, 
and  this  without  any  dilatation  of  the  breadth  of  the  image. 

Thus  let  S,  fig.  72,  reprefent  the  fun,  F  the  hole  in  the  win¬ 
dow,  ABC  the  firti:  prifm,  and  DH  the  fecond.  If  Y  reprefent 
the  round  image  of  the  fun,  made  by  a  direCt  beam  of  light, 
when  the  prifms  are  taken  away  ,  PT  will  be  the  oblong  image 
of  the  fun,  made  by  the  fame  beam  pafiing  through  the  firti:  prifin 
only,  and  p  t  will  be  the  image  made  by  the  crofs  refractions  of 
both  prifms  together.* 

Sometimes  he  placed  a  third  prifin  after  the  fecond,  and  fome- 
times  a  fourth  after  the  third ;  by  all  which  the  image  might  be 
often  refraCted  fideways,  but  the  rays  which  were  more  refract¬ 
ed  than  the  reft  in  the  firti:  prifm,  were  alfo  more  refraCted  in  all 
the  others,  and  that  without  any  dilatation  of  the  image  fide¬ 
ways  ;  and  therefore  thofe  rays,  for  their  conftancy  of  a  greater 
refraction,  he  juftly  called  the  more  refrangible  ones. 

That  the  meaning  of  this  experiment  may  be  more  evident, 
our  author  obferves,  that  all  the  rays  which  are  equally  refrangi¬ 
ble,  fall  upon  a  circle  anfwering  to  the  fun’s  difk.  Let  there¬ 
fore  AG,  fig.  73,  reprefent  the  circle  which  all  the  molt  refran¬ 
gible  rays,  tranfmitted  from  the  whole  difk  of  the  fun,  would  il¬ 
luminate,  and  paint  upon  the  oppofite  wall,  if  they  were  alone. 
Let  EL  be  the  circle  which  all  the  leati:  refrangible  rays  would, 

*  Newton’s  Opticks,  p.  28. 
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in  like  manner,  illuminate,  and  paint,  if  they  were  alone,  and 
let  BH,  CJ,  and  DK  be  the  circles  which  fo  many  intermediate 
kinds  of  rays  would  fucceffively  paint  upon  the  wall,  if  they  were 
lingly  propagated  from  the  fun,  the  reft  being  always  intercept¬ 
ed,  and  conceive  that  there  are  other  intermediate  circles  with¬ 
out  number,  which  other  innumerable  intermediate  kinds  of  rays 
would  fuccefiively  paint  upon  the  wall,  if  the  fun  fhould  fuccef- 
fively  emit  every  kind  by  itfelf.  Now  fince  the  fun  emits  rays 
of  all  thefe  kinds  at  once,  they  muft  altogether  illuminate  and 
paint  innumerable  equal  circles,  of  all  which,  being  ranged  ac¬ 
cording  to  their  different  degrees  of  refrangibility,  the  oblong 
image  PT  before  defcribed  is  compofed. 

Now  if  the  fun’s  circular  image,  Y,  which  is  made  by  an  un- 
refraCted  beam  of  light,  was  by  any  dilatation  of  the  fingle  rays, 
or  by  any  other  irregularity  in  the  refraction  of  the  firft  prifm, 
converted  into  the  oblong  image  PT,  then  ought  every  circle  in 
the  image  to  be  in  like  manner  drawn  out  into  a  fimilar  oblong 
figure,  contrary  to  the  refult  of  this  experiment. 

He  confidered  farther,  that  by  the  breadth  of  the  hole 
through  which  the  light  enters  into  the  dark  chamber,  there  is  a 
penumbra  made  in  the  circumference  of  the  image  Y,  which  is 
alfo  vifible  at  the  fides  of  the  oblong  images  PT  and  p  f.  He 
therefore,  placed  at  that  hole  a  lens,  or  objeCt-glafs  of  a  telef- 
cope,  which  might  caft  the  image  of  the  fun  diftinCtly  on  Y, 
without  any  penumbra  at  all ;  and  he  found  that  the  penumbra 
of  the  rectilinear  fides  of  the  oblong  images  PT  and  p  t  was  alfp 
thereby  taken  away,  fo  that  they  were  as  diftinCtly  defined  as  the 
circumference  of  the  firft  image  Y« 
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There  are  fome  other  circumftances  attending  this  experiment, 
by  which  the  conclufion  drawn  from  it  is  made  ftill  more  plain 
and  convincing.  Let  the  fecond  prifm,  DH,  fig.  74,  be  placed 
not  immediately  after  the  firft,  but  at  fome  diftance  from  it,  fo 
that  the  light  from  the  firft  prifm  may  fall  upon  it  in  the  form 
of  an  oblon gfpettrum  qr ,  parallel  to  this  fecond  prifm,  and  may 
be  refradted  tideways,  to  form  the  oblong  image  p  t ,  upon  the 
wall,  and  it  will  be  found  that  this  image  p  t  is  inclined  to  the 
image  PT,  which  the  firft  prifm  would  have  formed  without  the 
fecond  ;  the  blue  ends,  P  and  p ,  being  farther  diftant  from  one 
another  than  the  red  ones,  T  and  t ;  and  confequently  the  rays 
which  go  to  the  blue  end  q,  of  the  image  q  r,  and  which,  there¬ 
fore,  fuffer  the  greateft  refradtion  in  the  firft  prifm,  are  again, 
in  the  fecond  prifm,  more  refradted  than  the  reft.* 

At  two  holes  made  near  one  another  in  his  window  fhutter  he 
placed  two  prifms,  one  at  each,  which  might  caft  upon  theoppofite 
wall  two  oblong  coloured  images  of  the  fun;  and  at  a  little  dis¬ 
tance  from  the  wall  he  placed  a  long  flender  paper,  with  ftraight 
and  parallel  edges,  and  he  placed  the  prifms  and  papers,  fo  that 
the  red  colour  of  one  image,  at  T,  fig.  75,  might  fall  diredtly 
upon  one  half  of  the  paper,  and  the  violet  colour  M,  of  the  other 
image,  upon  the  other  half  of  the  fame  paper.  Then  with  a 
black  cloth  he  covered  the  wall  behind  the  paper,  that  no  light 
might  be  refledted  from  it  to  difturb  the  experiment ;  and  view¬ 
ing  the  paper  through  a  third  prifm,  held  parallel  to  it,  he  faw 
that  half  of  it  which  was  illuminated  by  the  violet  light  to  be 
divided  from  the  other  half,  by  a  greater  refradtion,  efpecially 
when  he  retired  to  a  confiderable  diftance  from  the  paper. 


*  Newton’s  Opticks,  p.  35. 


He 


254  DIFFERENT  REFRANGIBILITY  Per.  Y. 

He  farther  caufed  the  two  images  PT  and  MN,  fig.  76,  to 
coincide,  in  an  inverted  order  of  their  colours,  the  red  end  of 
each  falling  on  the  violet  end  of  the  other  ;  and  then  viewing 
them  through  a  prifm  DH,  held  parallel  to  their  length,  they 
no  longer  appeared  coincident,  as  when  they  were  viewed  with 
the  naked  eye,  but  in  the  form  of  two  diftinCt  images,  p  t  and 
771  n ,  eroding  one  another  in  the  middle  which  fhews  that  the 
red  of  the  one  image,  and  the  violet  of  the  other,  which  were 
coincident  at  PN  and  MT,  being  parted  from  one  another  by  a 
greater  refraction  of  the  violet  to  p  m,  than  that  of  the  red  to  n 
and  t ,  differ  in  degree  of  refrangibility.* 

Having  placed  a  prifm,  whofe  two  angles  at  its  bafe  were  e- 
qual  to  one  another,  and  half  right  ones,  and  the  third  a  right 
one,  in  a  beam  of  the  fun’s  light,  admitted  into  the  room  as  be¬ 
fore,  he  turned  it  flowly  about  its  axis,  till  all  the  light  which 
went  through  one  of  its  angles,  and  was  refraCted  by  it,  began 
to  be  reflected  by  its  bafe  (at  which,  till  then,  it  went  out  of  the 
glafs)  and  then  he  obferved  that  thofe  rays  wrhich  had  fuffered  the 
greateft  refraction  were  fooner  reflected  than  the  reft.  He  ima¬ 
gined,  therefore,  that  thofe  rays  of  the  reflected  light,  which 
were  moft  refrangible,  did  firft  of  all,  by  a  total  reflexion,  be¬ 
come  more  copious  in  that  light  than  the  reft ;  and  that  after¬ 
wards,  the  reft,  alfo,  by  a  total  reflexion,  became  as  copious  as 
thefe.  To  try  this,  he  made  the  reflected  light  pafs  through  a- 
nother  prifm,  and,  being  refraCted  by  it,  to  fall  afterwards  upon  a 
fheet  of  white  paper,  at  fome  diftance  behind  it,  and  there  to 
paint  the  ufual  colours  of  the  prifm.  Then  caufing  the  firft 
prifm  to  be  turned  about  its  axis,  he  obferved,  that  when  thofe 

*  Newton’s  Opticks,  p.  39. 
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rays  which,  in  this  prifm,  had  fuffered  the  greateft  refraction, 
and  were  of  a  blue  and  violet  colour,  began  to  be  wholly  re¬ 
flected,  the  blue  and  violet  light  on  the  paper,  which  received 
the  rays  from  the  fecond  prifm,  was  fenflbly  increafed,  above  that 
of  the  red  and  yellow,  which  was  leaft  refraCted  ;  and  afterwards, 
when  the  reft  of  the  light,  which  was  green,  yellow,  and  red, 
began  to  be  wholly  reflected  in  the  firft  prifm,  the  light  of  thofe 
colours  on  the  paper  received  as  great  an  increafe  as  the  violet 
and  blue  had  done  before.  From  this  it  is  manifeft  that  the 
beam  reflected  by  the  bafe  of  the  prifm,  being  augmented  firft 
by  the  more  refrangible  rays,  and  afterwards  by  the  lefs  refran¬ 
gible  ones,  is  compounded  of  rays  differently  refrangible.  This 
experiment  is  illuftrated  by  fig.  77,  in  which  ABC  reprefents 
the  firft  prifm,  on  the  bafe  of  which  the  light  falls,  at  M.  When 
this  prifm  is  turned  about  its  axis,  according  to  the  order  of  the 
letters  ABC,  the  more  refrangible  rays  MH  emerge  more  and 
more  obliquely;  and  at  length,  after  their  moft  oblique  emer¬ 
gence,  are  reflected  towards  N,  and  going  on  to  p  increafe  the 
number  of  rays  N p.  By  continuing  the  motion  of  the  firft  prifm, 
the  lefs  refrangible  rays  MG  are  reflected  to  N,  and  increafe  the 
number  of  rays  N  t. 

Since  it  appears  from  Sir  Ifaac  Newton’s  experiments,  that  dif¬ 
ferent  rays  of  light  have  different  degrees  of  refrangibility,  it 
neceffarily  follows  that  the  rules  laid  down  by  preceding  philo- 
fophers  concerning  the  refractive  power  of  water,  glafs,  &c. 
muft  be  limited  to  the  middle  kind  of  rays,  as  it  may  be  fuppof- 
ed  that  Kepler,  Snellius,  and  others  would  attend  to  them  prin¬ 
cipally.  Sir  Ifaac,  however,  proves  that  the  fine  of  the  inci¬ 
dence  of  every  kind  of  light,  confidered  apart,  is  to  its  fine  of 
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refraction  in  a  given  ratio.  This  he  deduces  both  by  experiment, 
and  alfo  geometrically,  from  the  fuppofition  that  bodies  refraCl 
the  light  by  aCting  upon  its  rays  in  lines  perpendicular  to  their 
furfaces.* 


SECTION  II. 

Of  the  nature  of  COLOURS. 

AT  the  fame  time  that  this  excellent  philofopher  commu¬ 
nicated  to  the  Royal  Society  his  theory  of  the  different 
refrangibily  of  the  rays  of  light,  he  gave  them  his  thoughts  con¬ 
cerning  colours ,  which  neceffarily  refulted  from  it,  in  fo  much 
that  they  could  hardly  be  called  two  different  difcQveries.  His 
obfervations  on  this  fubjeCt  he  comprifed  in  a  number  of  propo¬ 
rtions,  the  more  important  of  which  are  the  following. 

1 .  As  the  rays  of  light  differ  in  refrangibility,  fo  they  alfo  differ 
in  their  difpofition  to  exhibit  this  or  that  particular  colour.  Co¬ 
lours  are  not  modifications  of  light,  derived  from  refractions  or 
reflexions  of  natural  bodies,  as  it  is  generally  believed,  but  ori¬ 
ginal  and  connate  properties,  which  are  different  in  different  rays. 
Some  rays  are  difpofed  to  exhibit  a  red  colour,  and  no  other,  fome 
a  yellow  and  no  other,  fome  a  green  and  no  other,  and  fo  of  the 
reft.  Nor  are  there  only  rays  proper  to  the  more  eminent  co¬ 
lours,  but  even  to  all  their  intermediate  gradations. 


*  Newton’s  Opticks,  p.  68. 
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2.  To  the  fame  degree  of  refrangibility  always  belongs  the 
fame  colour,  and  to  the  fame  colour  the  fame  degree  of  refran¬ 
gibility. 

3.  The  fame  fpecies  of  colour,  and  degree  of  refrangibility, 
proper  to  any  particular  kind  of  rays,  was  not  changeable  by  re¬ 
fraction  and  by  reflexion  of  natural  bodies,  nor  by  any  other 
caufe  that  he  could  obferve.  When  any  one  fort  of  rays  had  been 
well  feparated  from  thofe  of  other  kinds,  they  afterwards  obfti- 
nately  retained  their  colour,  notwithflanding  his  utinoft  endea¬ 
vours  to  change  it.  He  refracted  it  with  prifms,  and  reflected 
it  with  bodies,  which  in  day-light  were  of  other  colours.  He 
intercepted  it  with  the  coloured  film  of  air,  intervening  between 
two  compreffed  plates  of  glafs.  He  tranfmitted  it  through  co¬ 
loured  mediums,  and  through  mediums  irradiated  with  other 
kinds  of  rays,  and  he  terminated  it  in  a  variety  of  ways ;  but  he 
could  never  produce  any  new  colour  out  of  it.  It  would,  by 
contracting,  or  dilating,  become  more  brifk  or  faint,  and  by  the 
lofs  of  many  rays  would,  in  fome  cafes,  be  very  dark  and  ob- 
fcure,  but  he  could  never  fee  it  change  in  fpecie. 

4.  A  feeming  tranfmutation  of  colours  may  be  made  by  a  mix¬ 
ture  of  different  kinds  of  rays,  but  in  fuch  mixtures  the  com¬ 
ponent  colours  themfelves  do  not  appear  3  but,  by  their  mutually 
allaying  each  other,  conftitute  a  middle  colour ;  and  therefore 
if,  by  refraCtion,  the  different  rays  be  feparated,  colours  will  e- 
merge  different  from  that  of  the  compofition.  Thus  blue  and 
yellow  powders  finely  mixed,  appear  green  to  the  naked  eye,  and 
yet  the  colours  of  the  component  particles  are  not  thereby  real¬ 
ly  changed,  but  only  blended  ;  for  when  they  are  viewed  with  a 
microicope,  they  ftiil  appear  blue  and  yellow. 
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5.  There  are  alfo  two  forts  of  colours,  the  one  original  and 
fimple,  the  other  compounded  of  thefe.  The  original  or  pri¬ 
mary  colours  are  red,  orange,  yellow,  green,  blue,  indigo-,  and  a 
violet  purple,  and  an  indefinite  variety  of  intermediate  gradations. 

6.  The  fame  colours  in  fpecie  with  thefe  primary  ones  may  al¬ 
fo  be  produced  by  a  compofition.  Thus  a  mixture  of  yellow 
and  blue  makes  green,  of  red  and  yellow  makes  orange,  and  a 
mixture  of  orange  and  yellowifh  green  makes  yellow.  And  in 
general,  if  any  two  colours  be  mixed,  which,  in  the  feries  of 
thofe  that  are  produced  by  the  prifm,  are  not  too  far  difhant  from 
one  another,  they,  by  their  mutual  alloy,  compofe  that  colour 
which  appears  in  the  midway  between  them  ;  but  thofe  which 
are  fituated  at  too  great  diftance  have  not  this  effiedt.  Thus 
orange  and  indigo  do  not  produce  the  intermediate  green,  nor 
fcarlet  and  green  the  intermediate  yellow. 

7.  The  moil:  furprifing  and  wonderful  compofition  is  that  of 
whitejiefs .  There  is  no  one  fort  of  rays  which  alone  can  exhi¬ 
bit  this.  It  is  always  compounded,  and  all  the  aforefaid  primary 
colours,  mixed  in  a  certain  proportion,  are  requifite  to  form  it. 
He  often,  with  admiration,  obferved  that  all  the  colours  of  the 
prifm,  being  made  to  converge,  and  thereby  to  be  again  mixed, 
as  they  were  in  the  light  before  it  was  incident  on  the  prifm,  re¬ 
produced  light  intirely  and  perfectly  white,  fo  as  not  fenfibly  to 
differ  from  the  diredt  light  of  the  fun,  except  when  the  glalfes 
he  ufed  were  not  fufficiently  clean ;  for  then  they  were  a  little  in¬ 
clined  to  their  colour. 

To  examine  this  theory,  he  propofed  the  following  experi¬ 
ment.  In  a  darkened  room  make  a  hole  in  the  window  fhutter, 
whofe  diameter  may  be  about  f  part  of  an  inch,  in  order  to  ad¬ 
mit  a 
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mit  a  convenient  quantity  of  the  fun's  light,  and  there  place  a 
clear  and  colourlefs  prifm,  to  refradt  the  light  towards  the  far¬ 
ther  part  of  the  room.  Then  place  a  lens,  of  about  3  feet  ra¬ 
dius,  as  the  broad  objedl  glafs  of  a  3  foot  telefcope,  at  the  dis¬ 
tance  of  about  4  or  5  feet  from  it,  through  which  all  thofe  colours 
may  at  once  be  trail fmitted,  and  be  made  to  meet,  at  the  didance 
of  about  10  or  12  feet  farther.  If,  fays  he,  at  that  didance,  you 
intercept  this  light,  with  a  flieet  of  white  paper,  you  will  fee 
the  colours  converted  into  whitenefs  again  by  being  mingled. 
But  it  is  requidte  that  the  prifm  and  lens  be  placed  deady,  and 
that  the  paper  on  which  the  colours  are  call  be  moved  to  and  fro; 
for  by  fuch  motion  you  will  not  only  find  at  what  didance  the 
whitenefs  is  mod  perfedt:,  but  alfo  fee  how  the  colours  gradually 
meet  and  vanifh  into  whitenefs ;  and  afterwards,  having  eroded 
one  another  in  the  place  of  perfedt  whitenefs,  are  again  feparat- 
ed,  and,  in  an  inverted  order,  retain  the  fame  colours  which  they 
had  before  they  were  fixed  in  the  focus  of  the  lens.  You  may 
alfo  fee  that,  if  any  of  the  colours  of  the  lens  be  intercepted,  the 
whitenefs  will  be  changed  into  other  colours.  In  order,  there¬ 
fore,  that  the  white  be  as  perfedt  as  poffible,  care  mud  be  taken 
that  none  of  the  colours  fall  belides  the  lens. 

To  make  this  experiment  the  more  intelligible,  let  ABC,  fig. 
78,  reprefent  the  prifm,  and  MN  the  lens;  then  FP  and  FR 
will  be  two  rays  unequally  refradted,  and  which,  after  their  fe- 
paration,  the  lens  makes  to  converge  to  Q,  and  after  eroding  one 
another  to  diverge  again  ;  and  HI  is  the  paper  on  which  the  co¬ 
lours  are  received. 

From  this  our  author  concludes,  that  'whitenefs  which  is  the 
ufual  colour  of  light,  is  a  confufed  aggregate  of  rays,  endued 
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with  all  forts  of  colours,  as  they  are  promifcuoufly  darted  from 
the  various  parts  of  luminous  bodies.  Of  this  confufed  aggre¬ 
gate  whitenefs  will  be  produced,  if  there  be  a  due  proportion  of 
the  ingredients  ;  but  if  any  one  predominate,  the  light  will  in¬ 
cline  to  that  colour,  as  it  happens  in  the  blue  flame  of  brimftone, 
the  yellow  flame  of  a  candle,  and  the  various  colours  of  the 
fixed  ftars. 

If  we  would  try  the  impoflibility  of  changing  any  one  com¬ 
pounding  colour,  he  fays  it  is  requifite  that  the  room  be  made 
very  dark,  left  any  fcattered  light,  mixing  with  the  colour,  ren¬ 
der  it  compound.  It  is  requifite,  alfo,  he  fays,  that  there  be  a 
more  perfect  feparation  of  the  colours  than  can  be  made  by  a 
Angle  prifm,  but  that  if  the  trial  be  made  with  colours  not  per¬ 
fectly  feparated,  allowance  muft  be  made  for  the  change  of  co¬ 
lour  proportioned  to  the  mixture.* 

That  the  coloured  light  of  the  fun  confifts  of  rays  differently 
refrangible  is  abundantly  manifeft  from  many  of  the  experiments 
in  the  former  feCtion  ;  that  the  colours  of  natural  bodies  are  pro¬ 
duced  by  rays  which  have  the  fame  differences  with  refpeCt  to  re- 
frangibility  might  be  concluded,  fince  it  is 'evident,  from  feveral 
of  the  fame  experiments,  that  natural  bodies  appear  coloured  by 
reflecting  the  coloured  rays  of  the  fun.  Our  author,  however, 
contrived  the  following  ingenious  experiments,  which  are  well 
worth  reciting,  in  order  to  prove  his  propofition  with  refpeCt  to 
the  colour  of  natural  bodies  direCtly. 

He  took  a  black  oblong  ftiff*  paper,  terminated  by  parallel 
fides,  and  with  a  perpendicular  right  line,  drawn  crofs  it  from 
one  fide  to  the  other,  divided  it  into  two  equal  parts.  One 


*  Phil.  Tranf.  ab.  Vol.  i,  p.  113, 
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of  thefe  he  painted  with  red  colour,  and  the  other  with  blue, 
and  viewing  it  through  a  prifm,  he  found  that,  if  the  refractive 
angle  of  the  prifm  was  turned  upwards,  the  blue  half  was  lifted 
higher  by  the  refra&ion  than  the  red  ;  but  if  the  refracting 
angle  was  turned  downwards,  the  blue  half  was  carried  lower  than 
the  red  ;  fo  that,  in  both  cafes,  the  light  which  came  from  the 
blue  half  of  the  paper,  through  the  prifm  into  the  eye,  differed 
a  greater  refraction  than  the  light  which  came  from  the  red  half. 

About  the  fame  paper  he  wrapped  flender  threads  of  black  filk, 
and  when  it  was  ftrongly  illuminated  by  a  candle,  he  placed,  at 
the  diftance  of  fix  feet  from  the  paper,  a  glafs  lens,  4  inches 
broad,  to  colleCt  the  rays  coming  from  the  feveral  points  of  the 
paper,  and  make  them  converge  to  fo  many  other  points,  at  the 
fame  diftance  on  the  other  fide  of  the  lens,  and  fo  form  an  image 
of  the  coloured  paper  upon  a  white  paper  placed  there.  Then, 
moving  his  white  paper  backwards'  and  forwards,  and  carefully 
noting  the  places  where  the  images  of  the  red  and  blue  halves  of 
the  coloured  paper  agpeared  moft  diftinCt,  he  found  that  where 
the  red  half  of  the  paper  appeared  diftinCt,  the  blue  half  ap¬ 
peared  confufed,  fo  that  the  black  lines  drawn  upon  it  could 
fcarcely  be  feen  ;  and,  on  the  contrary,  where  the  blue  half  ap¬ 
peared  mofl;  diftinCt,  the  red  half  appeared  confufed ;  and  be¬ 
tween  the  two  places  where  thefe  images  appeared  diftinCt  there 
was  a  diftance  of  an  inch  and  a  half,  the  focus  of  the  blue  rays 
being  fo  much  nearer  than  thofe  of  the  red,  in  confequence  of 
being  the  more  refrangible  of  the  two. 

Both  thefe  colours,  however,  confifted  of  rays  differently  re¬ 
frangible  j  but  being  few  in  proportion  to  the  reft,  they,  ferved, 
as  he  fays,  to  diminifh  the  event  of  this  experiment,  but  were 
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not  able  to  deStroy  it.  For  if  the  red  and  blue  colours  were  more 
dilute,  the  diftance  of  the  images  would  be  lefs  than  an  inch  and 
a  half ;  but  if  they  were  more  intenfe,  the  distance  would  be 

greater.* 

Having  (hewn,  in  a  former  fedtion,  the  extremes  of  the  diffe¬ 
rent  degrees  of  refrangibility  in  the  different  kinds  of  light,  I 
fhall  now  proceed  to  give  the  refult  of  this  accurate  philofopher’s 
investigation,  concerning  the  different  degrees  of  refrangibility 
of  all  thefe  different  kinds  of  light,  according  to  their  feveral 
colours ;  but  I  muSt  firSt  explain  the  method  he  made  ufe  of  to 
define  the  boundaries  of  each  colour,  in  the  oblong  image  of  the 
fun,  more  accurately  than  I  have  hitherto  defcribed  it  to  have  been 
done  by  him.  In  the  image  that  has  been  already  defcribed, 
notwithstanding  there  was  a  manifest  difference  of  colour,  not 
only  between  the  two  extremes,  but  alfo  in  the  intermediate 
parts,  yet  the  exadt  place  at  which  any  one  colour  ended,  and 
another  began,  was  far  from  being  fuff ciently  distinguishable. 
The  reafon  of  this  indiStindtnefs  is,  that  rays  of  every  kind  com¬ 
ing  from  all  parts  of  the  fun’s  difk,  an  intire  image  of  the  fun 
is  projedted  on  the  paper,  confiding  of  a  circle  of  each  particular 
colour  ;  and  as  the  rays  differ  in  kind  by  infinitefimal  degrees, 
from  the  extreme  red  to  the  extreme  violet,  there  muft,  in  fadt, 
be  thoufands  of  thefe  circles  in  the  fame  oblong  image,  the  cen¬ 
ters  of  which  are  infinitely  near  to  one  another ;  fo  that  the  light 
is  intimately  mixed,  efpecially  in  the  middle  of  the  image,  where 
it  is  the  brighteft. 

If  thefe  circles,  as  he  obferves,  whilst  their  centers  keep 
their  distances  and  pofitions,  could  be  made  lefs  in  diameter, 

*  Newton’s  Opticks,  p.  16, 
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their  interfering  one  with  another,  and  confequently  the  mixture 
of  heterogenious  rays,  would  be  proportionally  diminifhed. 
Thus,  in  PT,  fig.  79,  the  circles  of  which  the  folar  image  con- 
iifts,  expand  into  one  another  ;  but  in  the  fame  fig.  p  t ,  being 
compofed  of  lefs  circles,  but  having  their  diameters  at  the  fame 
diftance  as  the  former,  do  not  extend  into  one  another,  the  mix¬ 
ture  being  diminifhed  in  proportion  to  the  diameters  of  the  circles. 

Now  thefe  circles  would  be  diminifhed,  if,  without  the  room, 
at  a  great  diftance  from  the  prifm,  towards  the  fun,  fome  opa¬ 
que  body  was  placed,  having  a  round  hole  in  the  middle  of  it,  to 
intercept  all  the  fun’s  light,  excepting  fo  much  as,  coming  from 
the  middle  of  its  difk,  could  pafs  through  that  hole  to  the  prifm ; 
for  fo  the  feparate  circles  would  no  longer  anfwer  to  the  whole 
difk  of  the  fun,  but  only  to  that  part  of  it  which  can  be  feen 
from  the  prifm,  through  that  hole.  But  that  thefe  circles  may 
anlwer  more  diftindtly  to  the  hole,  a  lens  is  to  be  placed  by  the 
prifm,  to  caff  the  image  of  the  hole,  that  is,  of  each  feparate 
circle,  diftindtly  upon  the  paper ;  and  if  this  be  done,  it  will  not 
be  neceffary  to  place  that  hole  very  far  off,  not  even  beyond  the 
window.  Inftead,  therefore,  of  that  hole,  he  made  ufe  of  the 
hole  in  his  window  fhutter,  in  the  following  manner. 

At  about  10  or  12  feet  from  the  window,  he  placed  a  lens,  by 
which  the  image  of  the  hole  might  be  diftindtly  caft  upon  a  fheet 
of  white  paper,  at  the  diftance  of  6,  8,  10,  or  12  feet  from  the 
lens.  Then,  immediately  after  the  lens,  he  placed  a  prifm,  by 
which  the  refradted  light  might  be  thrown  upwards,  or  fideways ; 
and  he  moved  the  paper  that  received  it,  either  towards  the  prifm, 
or  from  it,  till  he  found  the  exadt  diftance  at  which  the  fides  of 
the  image  appeared  moft  diftinct.  By  this  means  the  circular 
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images  of  the  hole  were  terminated  moil  diftindtly,  without  any 
penumbra,  and  therefore  extended  into  one  another  the  lead:  that 
they  could;  and  confequently  the  mixture  of  the  heterogeneous 
rays  was  the  lead:  of  all.  And  by  udng  a  greater  or  lefs  hole  in 
the  window  fhutter,  he  made  the  circular  images  greater  or  lefs 
at  pleafure,  and  thereby  the  mixture  of  rays  in  the  oblong 
image  was  as  much  or  as  little  as  he  chofe.  He  fometimes  made 
the  breadth  of  the  image  40  times,  and  fometimes  60  or  70 
times  lefs  than  its  length.  In  this  manner,  he  fays,  light  is 
made  fudiciently  fimple,  and  homogeneal,  for  trying  any  of  his 
experiments  about  fimple  light ;  for  that  the  heterogeneous  rays 
in  this  light  are  fo  few,  as  hardly  to  be  perceived,  excepting 
perhaps,  in  the  indigo  and  violet,  which,  being  dark  colours, 
do  eafily  fuffer  a  fenfible  allay  by  that  little  fcattering  light  which 
ufed  to  be  refradted  irregularly  by  the  inequalities  of  the  prifm. 
The  whole  procefs  of  this  experiment  is  fo  evident,  by  infpedtion 
of  fig.  80,  that  it  needs  no  particular  illuftration. 

Inftead  of  a  circular  hole,  our  author  recommends  a  hole 
diaped  like  a  long  parallelogram,  with  its  length  parallel  to  the 
prifm.  For  if  this  hole  be  an  inch  or  two  long,  and  but  a  10th 
or  20th  part  of  an  inch  broad,  or  narrower,  the  light  of  the 
image  will  be  as  fimple  as  before,  or  more  fimple,  and  the  image 
will  become  much  broader,  and  therefore  more  fit  for  thefe 
experiments. 

Or,  inftead  of  this  hole,  another  may  be  formed  of  a  triangle 
of  equal  fides,  whofe  bafe  may  be  about  the  10th  part  of  an 
inch,  and  its  height  an  inch  or  more.  For,  by  this  means,  if 
the  axis  of  the  prifm  be  parallel  to  the  perpendicular  of  the 
triangle,  the  image  pt  fig.  81,  will  now  be  formed  of  equicru- 
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ral  triangles  ag,  bhyci ,  dk ,  el ,  f  m.  See.  and  innumerable  o- 
ther  intermediate  ones,  anfwering  to  the  triangular  hole  in  ffiape 
and  bignefs,  and  lying  one  after  another  in  a  continual  feries,  be¬ 
tween  two  parallel  lines  af,  g  m.  Thefe  triangles  are  a  little 
intermingled  at  their  bafes,  but  not  at  their  vertices  ;  and  there¬ 
fore  the  light  on  the  brighter  fide,  afy  of  the  image,  where  the 
bafes  of  the  triangles  are,  is  a  little  compounded,  but  on  the 
darker  fide,  g  my  it  is  altogether  uncompounded ;  and  in  all  places 
between  the  fides,  the  compofition  is  proportionable  to  the  dis¬ 
tances  of  the  places  from  that  obfeurer  fide  g  m  •,  and  having  an 
image  of  fuch  a  compofition,  we  may  try  experiments  either  in 
its  fironger  and  lefs  fimple  light,  near  the  fide  af ;  or  in  its 
weaker  and  more  fimple  light,  near  the  other  fide  g  as  ffiall 
feem  moft  convenient. 

In  making  thefe  experiments,  he  advifes,  that  the  chamber 
be  made  very  dark,  that  the  lens  be  very  good,  being  made  of 
glafs  free  from  bubbles  and  veins,  its  fides  truly  plane,  and  its 
poliffi  elaborate,  with  an  angle  of  about  65  or  70  degrees  ;  and 
the  edges  of  the  prifm  and  lens,  as  far  as  they  make  any  irregu¬ 
lar  refraction,  ffiould  be  covered  with  black  paper  glued  on  them. 
He  alfo  obferves,  that  all  the  ufelefs  light  (hould  be  intercepted, 
with  black  paper  or  other  black  obflacles.  It  being  difficult  to 
get  glafs  prifms  fit  for  thefe  nice  experiments,  he  fometimes  ufed 
prifmatick  veflels  made  with  pieces  of  broken  looking  glafies, 
and  filled  with  rain  water ;  and  to  increafe  the  refraCtion,  he 

fometimes  itrongly  impregnated  the  water  with  faccharum 
faturni 

#  Newton’s  Opticks,  p.  61. 
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When  he  had,  by  this  means,  got  the  fides  of  the  coloured 
image,  as  AF,  GM,  fig.  82,  diflinCtly  defined,  he  delineated  on 
paper  the  out  lines  of  it  FAPGMT,  and  held  the  paper  fo  that 
the  image  might  fall  on  this  figure,  and  coincide  with  it  exactly  ; 
whilft  an  afiiftant,  whofe  eyes  could  diflinguifh  colours  better 
than  his  own,  did,  by  right  lines  drawn  crofs  the  image,  mark 
the  confines  of  each  colour ;  and  this  operation  being  frequently 
repeated,  both  on  the  fame  and  on  different  papers,  he  found  that 
the  obfervations  agreed  well  enough  with  one  another,  and  that 
the  fides  MG  and  FA  were  by  this  means  divided  like  a  mufical 
chord  ;  fo  that  if  GM  were  produced  to  X,  making  MX  equal 
toGM,  and  if  GX,  /X,  /X,  AX,  eX,gX,  aX ,  MX,  were  in  propor¬ 
tion  to  one  another,  as  the  numbers  1,  £,  -§->  4,  t>  4,  -r%>  and  4, 
and  fo  reprefented  the  chords  of  the  key,  and  of  a  tone,  a  third 
minor,  a  fourth,  a  fifth,  a  fixth  major,  a  feventh,  and  an  eighth 
above  that  key.  And  the  intervals  Ma,  ag ,  g  e,  e  h,  h  i,  ily  and 
/  G,  were  the  fpaces  which  the  feveral  colours  red,  orange,  yel¬ 
low,  green,  blue,  indigo,  and  violet  took  up. 

Now  thefe  intervals  or  fpaces,  fubtending  the  differences  of 
the  refractions  of  the  rays,  going  to  the  limit  of  thofe  colours, 
that  is  to  the  points  M,  a ,  gf  e,  h ,  /,  /,  G,  may,  without  any  fen- 
fible  error,  be  accounted  proportional  to  the  differences  of  the 
fines  of  refraction  of  thofe  rays,  having  one  common  fine  of  in¬ 
cidence  ;  and  therefore,  fince  the  common  fine  of  incidence  of 
the  moft  and  leaf!  refrangible  rays,  out  of  glafs  into  air,  was  found 
in  proportion  to  their  fines  of  refraCtion  as  50  to  77  and  78  ;  if 
the  difference  between  77  and  78  be  divided  as  the  line  GM  is 
divided  by  thofe  intervals,  there  will  be  77,  774,  77b,  77!,  77!, 
7?t,  77v,  78  for  the  fines  of  refraCtion  of  thofe  rays  out  of  glafs 
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into  air,  their  common  fine  of  incidence  being  50.  So  then  the 
fines  of  the  incidences  of  all  the  red  making  rays  out  of  glafs 
into  air  were  to  the  lines  of  their  refractions  not  greater  than  50 
to  77,  nor  lefs  than  50  to  77!  ;  but  they  varied  from  one  ano¬ 
ther  according  to  all  their  intermediate  proportions,  and  fo  of 
the  other  colours.  * 

Having  demonftrated  that  the  light  of  the  fun  conlifts  of  a 
certain  proportion  of  differently  coloured  light,  our  author  proves, 
by  another  feries  of  experiments,  what  has  been  already  demon¬ 
ftrated  by  a  fingle  one  mentioned  above,  that  when  a  beam  of 
light  has  been  divided  into  its  component  parts  ;  if  they  be  a- 
gain  mixed,  they  will  produce  white,  or  if  any  one  of  them  be 
intercepted,  the  image  will  appear  tinged,  and  in  a  different 
manner,  according  to  the  different  colours  that  are  thereby  pre¬ 
vented  from  mixing  with  the  reft  ;  and  to  complete  the  whole, 
he  obferves,  that  intercepting  all  the  colours  that  compofe  the 
white  image  except  one,  and  thereby  making  it  to  exhibit  the  ap¬ 
pearance  of  all  the  colours  in  order ;  yet,  if  he  made  this  fuc- 
ceflion  of  all  the  colours  very  quick,  the  appearance  was  always 
white,  though  it  was  demonftrable  that  only  one  colour  took 
place  at  any  one  time ;  and  he  juftly  obferves,  that  if  each  of 
thefe  colours  in  fucceflion  give  the  idea  of  whitenefs,  much  more 
will  they  produce  that  effe<5t,  when  they  are  fo  intimately  mixed 
as  they  are  in  a  natural  fun  beam. 

Not  content  with  compofing  whitenefs  from  the  feparately  co¬ 
loured  rays  of  the  fun,  he  attempted,  and  fucceeded  in  his  at¬ 
tempt,  to  do  the  fame  with  natural  coloured  bodies,  obferving 
the  fame  proportions  of  the  refpedlive  colours  that  he  had  found 


*  Newton’s  Opticks,  p.  iio,  &c. 
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in  the  folar  image.  The  coloured  powders  which  he  made  ufe 
of  at  firfl  produced  only  a  kind  of  grey,  but  this  was  in  fad;  a 
dull  white,  or  whitenefs  mixed  with  fhade  ;  for  when  he  con¬ 
trived  to  throw  a  very  ftrong  light  upon  it,  it  became  intenfely 

1  —  »  X  ( 

white,  fo  that  a  friend  of  his,  who  happened  to  call  upon  him 
while  he  was  bufy  about  thefe  curious  experiments,  and  who 
knew  nothing  of  what  he  had  been  doing,  pronounced  that  the 
powders  he  had  been  mixing,  when  thus  illuminated,  made  a 
better  white  than  fome  very  fine  white  paper,  with  which  he  was 
comparing  it.* 

As  the  preceding  proportion  of  all  the  prifmatic  colours  makes 
a  white,  it  is  evident  that  when  they  are  mixed  in  different  pro¬ 
portions,  or  when  only  a  few  of  them  are  ufed,  they  will  make 
different  colours  j  and  our  philofopher  has  given  us  the  follow¬ 
ing  ingenious  method  of  knowing,  in  a  mixture  of  primary  co¬ 
lours,  the  quantity  and  quality  of  each  being  given,  the  colour 
of  the  compound.  With  the  center  O,  fig.  83,  and  the  radius 
OD,  defcribe  a  circle  ADF,  and  divide  the  circumference  into  7 
parts,  proportional  to  the  7  mufical  tones  or  intervals,  contained 
in  an  odtave,  that  is  in  proportion  to  the  numbers  f,  -'-5,  -A?,  f, 
-A,  -A,  f.  Let  the  firft  DE  reprefent  a  red  colour,  the  fecond 
EF  orange,  and  fo  of  the  refl ;  and  let  all  thefe  colours  be  fup- 
pofed  to  pafs  gradually  into  one  another.  Let  p  be  the  center 
of  gravity  of  the  arch  DE,  and  y,  r ,  s,  t ,  u,  x,  be  the  centers  of 
gravity  of  the  other  arches ;  and  about  thofe  centers  let  circles, 
proportional  to  the  number  of  rays  of  each  colour  in  the  given 
mixture  be  defcribed.  Then  find  a  common  center  of  gravity 
of  all  thofe  circles ;  and  if  a  line  be  drawn  from  the  center  of  the 


*  • 
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circle  O,  through  this  point,  as  fuppofe  at  2?,  the  point  Y,  in 
which  it  terminates  at  the  circumference,  will  {hew  the  colour 
that  arifes  from  the  mixture,  and  the  line  OZ  will  be  proportion¬ 
ed  to  the  fulnefs  or  intenfenefs  of  the  colour,  the  center  O  repre¬ 
fen  ting  perfed  white.  But  if  only  two  of  the  primary  colours, 
which  in  this  circle  are  oppolite  to  one  another,  be  mixed  in  an 
equal  proportion,  the  point  Z  will  fall  upon  the  center  O,  and 
yet  the  colour  compounded  of  thofe  two  will  not  be  perfedly 
white,  but  fome  faint  anonymous  colour  3  for  he  could  never,  by 
mixing  only  two  primary  colours,  produce  a  perfed  white. 
Whether  it  might  be  the  refult  of  three  taken  at  equal  diflances 
in  the  circumference  he  could  not  tell 3  but  he  did  not  much 
queftion,  but  that  4  or  5  of  them  would  be  fufficient.  Thefe, 
however,  as  he  obferves,  are  curiolities  of  little  or  no  moment 
to  the  underftanding  of  the  phenomena  of  nature,  fince,  in  all 
natural  whites,  there  is  a  mixture  of  all  kinds  of  rays.* 

*  Newton’s  Opticks,  p.  134,  &c. 
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Several  appearances  explained  by  the  preceding 

DISCOVERIES. 


SI R  Ifaac  Newton,  having  invedigated  the  true  theory  of 
light  and  colours,  in  a  fpecimen  of  the  moll  perfedt  analy- 
fis  that  was  ever  exhibited,  and  which  is  judly  confidered  as  the 
bed;  model  for  all  future  inquiries  into  the  powers  of  nature,  pro¬ 
ceeds  fynthetically  to  explain  feveral  phenomena  by  the  help  of  it. 

In  the  fird  place,  he  thews  the  reafon  why,  upon  looking  at 
any  objedt  through  a  prifm,  the  edges  only  appear  tinged  with 
certain  colours,  and  in  a  certain  order.  Let  ABC,  in  fig.  84, 
reprefent  a  prifm,  refradting  the  light  of  the  fun  which  comes  in¬ 
to  a  dark  chamber,  through  a  hole  F f>  almoft  as  broad  as  the 
prifm,  and  let  MN  reprefent  a  white  paper,  on  which  the  re- 
fradted  light  is  caft,  and  fuppofe  the  mod  refrangible,  or  deeped 
violet  rays  fall  upon  the  fpace  P p,  the  lead  refrangible,  or  deep¬ 
ed  rays  upon  the  fpace  T /,  the  middle  kind  between  the  indigo 
and  blue  rays  upon  the  fpace  QX,  the  middle  kind  of  the  green 

rays  upon  the  fpace  R  r,  the  middle  kind  between  the  yellow  and 

* 

orange  rays  upon  the  fpace  S  s,  and  other  intermediate  kinds  up¬ 
on  intermediate  fpaces.  For  fo  the  fpaces  upon  which  the  feve¬ 
ral 
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ral  kinds  of  rays  adequately  fall  will,  by  reafon  of  their  diffe¬ 
rent  refrangibility,  be  one  lower  than  another.  Now  if  the  pa¬ 
per  MN  be  fo  near  the  prifm,  that  the  fpaces  PT  and  p  t  do  not 
interfere  with  one  another,  the  diftance  between  them  T p  will 
be  illuminated  by  all  the  kinds  of  rays,  and  in  the  fame  propor¬ 
tion  to  one  another  that  they  had  at  their  firft  coming  out  of  the 
prifm,  and  confequently  be  white.  But  the  fpaces  above  and  be¬ 
low  this  will  not  be  illuminated  by  them  all,  and  therefore  will 
appear  coloured,  and  varioully,  according  to  their  different  rays. 

The  fun’s  light,  however,  he  obferves,  is  not  perfectly  white, 
but  inclines  to  yellow,  and  therefore  the  excefs  of  the  yellow 
rays  being  mixed  with  the  faint  blue,  between  S  and  T,  will 
draw  it  to  a  faint  green,  and  fo  the  colours  in  order  from  P  to  t 
ought  to  be  violet,  indigo,  blue,  very  faint  green,  white,  faint 
yellow,  orange,  and  red.  Thus,  fays  he,  it  is  by  computation, 
and  they  who  pleafe  to  view  the  colours  made  by  a  prifm  will 
find  it  fo  in  fa<ft. 

Thefe  are  the  colours  on  both  fides  the  white,  when  the  paper 
is  held  between  the  prifm  and  the  point  X,  where  the  colours 
meet,  and  the  interjacent  white  vanifhes  ;  for  if  the  paper  be  held 
ftill  farther  off  from  the  prifm,  the  moft  refrangible  and  leaft  re¬ 
frangible  rays  will  be  wanting  in  the  middle  of  the  light,  and  the 
reft  of  the  rays  which  are  found  there  will,  by  mixture,  produce 
a  fuller  green  than  before.  Alfo  the  yellow  and  blue  will  now 
become  lefs  compounded,  and  confequently  more  intenfe  than 
before,  which  alfo  agrees  with  experience. 

If  a  perfon  look  through  a  prifm  on  a  white  obje<£t,  furround- 
ed  with  blacknefs  or  darknefs,  the  reafon  of  the  colours  arifing  on 
the  edges  i  s  much  the  fame ;  as  will  appear  to  any  perfon  who  will 
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a  little  eonfider  iu  If  a  black  objedt  be  furrounded  with  a  white 
one,  the  colours  which  appear  through  the  prifm  are  to  be  de¬ 
rived  from  the  light  of  the  illuminated  one,  fpreading  into  the 
regions  of ‘the  black  ;  and  therefore  they  appear  in  a  contrary  or¬ 
der  to  that  in  which  they  are  feen,  when  a  white  object  is  fur- 
rounded  with  a  black  one.  The  fame  is  to  be  underftood  when 
an  objedt  is  viewed,  the  parts  of  which  are  lefs  luminous  than 
others  for  in  the  borders  of  the  more  and  lefs  luminous  parts, 
colours  ought  always,  on  the  fame  principle,  to  arife,  viz.  from 
the  excefs  of  the  light  of  the  more  luminous  objedt,  and  to  be 
of  the  fame  kind  as  if  the  darker  parts  were  black,  but  yet  to  be 
more  faint  and  dilate.  > 

What  is  faid  of  colours  made  by  prifms  may  be  ealily  applied 
to  colours  made  by  the  glades  of  telefcopes  and  microfcopes?,  or  i 
by  the  humours  of  the  eye.  For  if  the  objedt  glafs  of  a  telef- 
cope  be  thicker  on  one  fide  than  on  the  other,  or  if  one  half  of 
the  glafs,  or  one  half  of  the  pupil  of  the  eye,  be  covered  with  - 
any  opaque  fubftance,  the  objedt  glafs,  or  that  part  of  it,  or  of 
the  eye,  which  is  not  covered,  may  be  confidered  as  a  wedge  with  * 
crooked  fides  and  every  wedge  of  glafs  or  other  pellucid  fub-  * 
fiance,  has  the  effedt  of  a  prifm,  in  refradting  the  light  which 
paffes  through  it..* 

There  is  another  phenomenon  that  occurs  in  the  ufe  of  a  prifm, 
which,  he  fays,  is  fo  odd  a  one,  and  fo  difficult  to  explain  by  the 
vulgar  hypothefis,  that  he  could  not  but  think  it  delerved  to  be 
taken  notice  of.  It  is  as  follows  :  Let  HFG,  fig.  85,  reprefent 
a  prifm  in  the  open  air,  and  S  the  eye  of  the  fpedlator,  viewing 
the  clouds  by  reflexion  from  the  bafe  of  it.  When  the  prifm 

*  Newton’s  Opticks,  p.  141. 
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and  the  eye  are  conveniently  placed,  fo  that  the  angles  of  inci¬ 
dence  and  reflexion  may  be  about  40  degrees,  a  bow,  MN,  will 
be  feen,  of  a  blue  colour,  running  from  one  end  of  the  bafe  to 
the  other,  with  the  concave  fide  towards  the  fpeCtator,  and  that 
part  of  the  bafe  of  the  prifm  which  lies  beyond  this  bow  will  be 
brighter  than  the  other.  This  blue  colour,  he  fays,  is  made  by 
nothing  but  by  reflexion ;  and  to  explain  it,  he  bids  us  fuppofe 
the  plane  ABC  to  cut  the  fides  and  bafe  of  the  prifm  perpendi¬ 
cularly.  From  the  eye  to  the  line  BC,  draw  the  lines  S  p  and 
S  t ,  making  the  angles  S pc  50  4  degrees,  and  S  tc  49  Vt  de¬ 
grees  ;  and  the  point  p  will  be  the  limit,  beyond  which  none  of 
the  moft  refrangible  rays  can  pafs  through  the  bafe  of  the  prifm, 
and  be  refracted,  if  their  incidence  be  fuch,  that  they  can  be  re¬ 
flected  to  the  eye.  The  point  t  will  be  the  like  limit  for  the 
leaft  refrangible  rays,  and  the  point  r  will  be  the  like  limit  for 
the  mean  refrangible  ones  ;  and  therefore  all  the  leaf!  refrangible 
rays  which  fall  upon  the  bafe  beyond  t ,  that  is  between  t  and  B, 
and  which  can  come  from  thence  to  the  eye,  will  be  reflected  to 
it ;  but  on  this  fide  t ,  many  of  thefe  rays  will  be  tranfmitted 
through  the  bafe.  For  the  fame  reafon,  all  the  moft  refrangi¬ 
ble  rays,  which  fall  upon  the  bafe  beyond  p>  and  which  can  by 
reflexion  come  from  thence  to  the  eye,  will  be  reflected  to  it ; 
but  every  where  between  p  and  C  many  of  thefe  rays  will  get 
through  the  bafe,  and  be  refraCted ;  and  the  fame  is  to  be  un- 
derftood  of  the  mean  refrangible  rays  on  either  fide  of  the  point 
r.  It  follows  from  hence,  that  the  bafe  of  the  prifm  muft  every 
where,  between  t  and  B,  in  confequence  of  a  total  reflexion  of 
all  kinds  of  rays  to  the  eye,  look  white  and  bright,  whereas  the 
fpace  between  p  and  C,  by  reafon  of  the  tranfmiflion  of  many 
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rays  of  every  kind,  will  look  more  pale,  obfcure,  and  dark. 
But  at  r,  and  in  other  places,  between  p  and  t,  where  all  the 
more  refrangible  rays  are  reflected  to  the  eye,  and  many  of  the 
lefs  refrangible  are  tranfmitted,  the  excefs  of  the  more  refrangi¬ 
ble  in  the  reflected  light  will  tinge  it  with  their  colour,  which  is 
violet  and  blue.  * 

In  the  next  place  we  find  our  excellent  philofopher  applying 
his  new  theory  of  light  and  colours  to  the  celebrated  phe¬ 
nomena  of  the  rainbow ,  taking  this  remarkable  objedt  of  phi- 
lofophical  inquiry  where  De  Dominis  and  Defcartes,  for  want 
of  this  knowledge,  were  obliged  to  leave  their  inveftigations  im- 
perfedl.  For  they  could  give  no  good  reafon  why  the  bowfhould 
be  coloured,  and  much  lefs  could  they  give  any  fatisfadtory  ac¬ 
count  of  the  order  in  which  the  colours  appear. 

If  different  particles  of  light  had  not  different  degrees  of  re- 
frangibility,  on  which  the  colours  depend,  the  rainbow,  befides 
being  much  narrower  than  it  is,  would  be  colourlefs ;  but  the 
different  refrangibility  of  differently  coloured  rays  being  admit¬ 
ted,  the  reafon  is  obvious,  both  why  the  bow  fhould  be  colour¬ 
ed,  and  alfo  why  the  colours  fhould  appear  in  the  order  in  which 
they  are  obferved.  Let  A,  fig.  86,  be  a  drop  of  water,  and  S 
a  pencil  of  light ;  which,  on  its  leaving  the  drop  of  water, 
reaches  the  eye  of  the  fpedlator.  This  ray,  at  its  entrance  into 
the  drop,  begins  to  be  decompofed  into  its  proper  colours,  and 
upon  leaving  the  drop,  after  one  reflexion  and  a  fecond  refrac¬ 
tion,  it  is  farther  decompofed  into  as  many  fmall  differently  co¬ 
loured  pencils,  as  there  are  primitive  colours  in  the  light.  Three 
of  them  only  are  drawn  in  this  figure,  of  which  the  blue  is  the 
moil,  and  the  red  the  leafl  refra&ed. 

*  Newton’s  Opticks,  p.  145. 


The 


Sec.  III. 


OF  COLOURS. 


275 


The  doCtrine  of  the  different  refrangibility  of  light  enables  us 
to  give  a  reafon  for  the  fize  of  a  bow  of  each  particular  colour. 
Newton,  having  found  that  the  fines  of  refraction  of  the  moil 
refrangible  and  leaft  refrangible  rays,  in  palling  from  rain  water 
into  air,  are  in  the  proportion  of  185  to  182,  when  the  fine  of 
incidence  is  138,  calculated  the  fize  of  the  bow  ;  and  he  found 
that,  if  the  fun  was  only  a  phyfical  point,  without  fenfible  mag¬ 
nitude,  the  breadth  of  the  inner  bow  would  be  2  degrees ;  and 
if  to  this  30'  was  added,  for  the  apparent  diameter  of  the  fun, 
the  whole  breadth  would  be  2  i  degrees.  But  as  the  outermod 
colours,  efpecially  the  violet,  are  extremely  faint,  the  breadth  of 
the  bow  will  not,  in  reality,  appear  to  exceed  two  degrees.  He 
finds,  by  the  fame  principles,  that  the  breadth  of  the  exterior 
bow,  if  it  was  >every  where  equally  vivid,  would  be  20 f. 
But,  in  this  cafe,  there  is  a  greater  deduction  to  be  made,  on  ac¬ 
count  of  the  faintnefs  of  the  light  of  the  exterior  bow ;  fo  that, 
in  faCt,  it  will  not  appear  to  be  more  than  3  degrees  broad.* 
Laftly,  by  the  help  of  the  fame  excellent  theory,  our  author 
makes  the  following  obfervations,  in  order  to  an  explanation  of 
the  colours  of  natural  bodies.  According  to  this  theory  they  all 
arife  from  fome  bodies  reflecting  fome  kinds  of  rays  more  co- 
pioufly  than  others,  as  was  obferved  before.  Thus  minium  re¬ 
flects  the  lead  refrangible,  or  red  rays  molt  copioufly,  and  thence 
appears  red  ;  whereas  violets  reflect  the  moft  refrangible  rays  molt 
copioufly,  and  every  other  body  reflects  the  rays  of  its  own  colour 
more  copioufly  than  the  reft ;  and  if  they  be  placed  in  the  ho¬ 
mogeneous  lights  feparated  by  the  prifm,  every  body  will  look 
the  mod  fplendid  and  luminous  in  the  light  of  its  own  colour. 

#  Montucla,  Vol.  2,  p.  649. 
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Cinnabar  in  the  red  light  is  mod:  refplendent,  in  the  green  light 
it  is  lefs  fo,  and  in  the  blue  light  lefs  dill.  Indigo  is  more  drong- 
ly  illuminated  by  the  violet  blue  light,  and  a  leek  by  the  green 
light.  To  make  thefe  experiments  the  more  manifed,  fuch  ho¬ 
odies  ought  to  be  chofen  as  have  the  fulled  and  mod:  vivid  colours, 
and  two  of  thefe  ought  to  be  compared  together. 

But  in  trying  experiments  of  this  kind,  care  mud:  be  taken 
that  the  light  be  diffidently  feparated  for  if  the  bodies  be  illu¬ 
minated  by  the  ordinary  prifmatick  colours,  they  will  appear 
neither  of  their  own  day  light  colours,  nor  of  the  colour  of  the 
light  cad  on  them,  but  of  fome  middle  colour  between  both,  as 
our  author  found  by  experience.  Thus  red  lead,  illuminated 
with  the  ordinary  prifmatick  green,  will  not  appear  either  red  or 
green,  but  orange  or  yellow,  or  between  yellow  and  green,  ac¬ 
cording  as  the  green  light,  by  which  it  is  illuminated,  is  more 
or  lefs  compounded.  For  becaufe  red  lead  appears  red  when  il¬ 
luminated  with  white  light,  in  which  all  kinds  of  rays  are  equal¬ 
ly  mixed,  and  in  the  green  light  all  kinds  of  rays  are  not  equal¬ 
ly  mixed,  the  excefs  of  the  yellow,  green,  and  blue  rays  in  the 
incident  green  light  will  caufe  thofe  rays  to  abound  fo  much,  as 
to  draw  the  colour  of  red  towards  themfelves.  And  becaufe  the 
red  lead  reflects  the  orange  and  yellow  rays  mod  copioufly,  after 
the  red  ones,  thefe  rays  will  be  more  in  proportion  in  the  re¬ 
flected  light  than  they  were  in  the  incident  light,  and  therefore 
the  red  lead  will  appear  neither  red  nor  green,  but  of  a  colour 
between  both. 

In  tranfparently  coloured  liquors,  it  is  obfervable,  that  the  co¬ 
lour  varies  with  their  thicknefs.  Thus  a  red  liquor  in  a  conical 
glafs,  held  between  the  light  and  the  eye,  looks  of  a  pale  and  di- 
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lute  yellow  at  the  bottom,  where  it  is  thin.  A  little  higher, 
where  it  is  thicker,  it  is  orange,  where  it  is  hill  thicker  it  be¬ 
comes  red,  and  where  it  is  thickeh  the  red  is  deeped:  and  darkeft. 
For  it  is  to  be  conceived  that  fuch  a  liquor  hops  the  violet  rays 
the  mod:  eafily,  the  blue  and  green  with  more  difficulty,  and  the 
red  with  the  mod:  difficulty.  This  illuftrates  an  oblervation  re¬ 
lated  to  our  author  by  Dr.  Halley,  who  in  diving  deep  into  the 
fea,  in  a  diving  veflel,  found  in  a  clear  fun  ffiine  day,  that  when 
he  was  many  fathoms  under  water,  the  upper  part  of  his  hand,  on 
which  the  fun  (hone  through  the  water,  appeared  like  a  damafk 
rofe  ;  whereas  the  water  below  him,  and  the  under  part  of  his 
hand,  illuminated  by  light  reflected  from  the  water  below,  look¬ 
ed  green.  From  this  circumftance  our  author  collects  that  the 
fea- water  reflects  the  violet  and  blue  rays  mod:  eafily,  and  lets  the 
red  rays  pafs  mod:  freely  and  copioudy  to  great  depths  ;  for  there¬ 
by  the  fun’s  direCt  light  at  all  great  depths  mud  appear  red,  and 
the  greater  the  depth  is,  the  fuller  and  more  intenfe  mud:  the  red 
be  ;  and  at  fuch  depths  as  the  violet  rays  fcarce  reach,  the  blue, 
green,  and  yellow  rays,  being  reflected  from  below  more  copi¬ 
oudy  than  the  red  ones,  mud:  make  a  green. 

If  there  be  two  liquors  of  full  colours,  for  inftance,  a  red  and 
a  blue,  and  both,  of  them  be  fo  thick  as  to  make  their  colours 
Efficiently  full,  though  either  of  the  liquors  be  tranfparent  fe- 
parately,  they  will  not  be  fo  when  put  together.  For  if  only  the 
red  rays  pafs  through  one  liquor,  and  the  blue  only  through  the 
other,  no  rays  can  pafs  through  them  both.  This  obfervation 
Dr.  Hooke,  as  we  have  feen,  made  cafually  with  glafs  wedges 
filled  with  red  and  blue  liquors,  and  was  furprifed  at  the  unex¬ 
pected  refult,  the  reafon  of  it  being  then  unknown.  This  cir- 
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cumflance  makes  our  author  depend  upon  the  faCt  the  more, 
though  he  had  not  tried  it  himfelf.  He  advifes  the  perfon  who 
would  repeat  this  experiment,  to  take  care  that  the  liquors  ,be 
of  very  good  and  full  colours.  * 

Since  bodies  become  coloured  by  reflecting  or  tranfmitting  one 
kind  of  rays  more  copioufly  than  the  reft,  our  author  fuppofes 
that  they  flop  and  flifle  within  themfelves,  thofe  rays  which  they 
do  not  refleCt  or  tranfmit.  If  a  piece  of  leaf  gold,  as  Mr.  Boyle 
obferved,  be  held  between  the  eye  and  the  light,  it  appears  of  a 

<  r  r  *•  p  , 

greenifh  blue,  and  therefore  our  author  concludes,  that  mafly 
gold  lets  into  its  body  the  blue  rays  to  be  reflected  backward  and 
forwards  within  its  fubflance,  till  they  be  flopped  and  flifled ; 
but  it  reflects  the  yellow  rays,  and  by  that  means  appears  yellow. 

After  the  fame  manner  there  are  fome  liquors,  as  the  tinCture 
of  lignum  nephriticum ,  and  fome  kinds  of  glafs,  which  tranfmit 
one  kind  of  light  more  copioufly,  and  reflect  another,  fo  as  to 
appear  of  feveral  colours,  according  to  the  pofition  of  the  eye  to 
the  light.  If  thefe  liquors  or  glafles  were  fo  thick  and  mafly, 
that  no  light  could  get  through  them,  he  did  not  queflion  but 
that  they  would,  like  all  other  opaque  bodies,  appear  of  one 
and  the  fame  colour  in  all  pofltions  of  the  eye,  though  he  could 
not  afhrm  it  from  experience.  All  coloured  bodies,  he  fays,  as 
far  as  his  obfervation  reached,  might  be  feen  through,  if  they 
were  made  fufficiently  thin.  He  therefore  concludes  that  the 
mofl  opaque  bodies  are,  in  fome  meafure,  tranfparent,  and  dif¬ 
fer  only  in  their  degree  of  tranfparency  from  tinged  tranfparent 
liquors ;  thefe  liquors,  as  well  as  thofe  bodies,  becoming  opa¬ 
que  by  nothing  but  a  fufhcient  thicknefs. 
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A  tranfparent  body,  which  is  of  any  particular  colour  by  tran  s¬ 
mitted  light,  may  alfo  appear  of  the  fame  colour  by  refled:ed 
light,  the  light  of  that  colour  being  reflected  by  the  farther  fur- 
face  of  the  body,  or  by  the  air  beyond  it.  In  this  cafe,  he  fays,  the 
reflected  colour  will  be  diminished,  and  perhaps  intirely  ceale,  by 
making  the  body  very  thick,  and  by  laying  pitch  on  the  back 
fide  of  it,  to  diminish  the  reflexion  of  its  farther  furface,  fo 
that  the  light  reflected  from  the  tinging  particles  may  predomi¬ 
nate.  In  fuch  cafes  the  colour  of  the  refletded  light  will  be  apt 
to  vary  from  that  of  the  light  tranfmitted.* 


SECTION  IV. 

Observations  on  the  colours  of  THIN" SUBSTANCES. 

THIS  great  man,  having  fatisfadorily  unfolded  feveral  im¬ 
portant  properties  relating  to  the  nature  of  light  and  co¬ 
lours,  and  having  demonstrated  that  every  different  colour  con- 
fifts  of  rays  which  have  a  different  and  fpecific  degree  of  refran- 
gibility,  and  that  natural  bodies  appear  of  this  or  that  colour,  ac¬ 
cording  to  their  difpofition  to  refled:  this  or  that  fpecies  of  rays, 
proceeds  to  inquire  farther  into  the  circumftances  which  are  the 
caufe  of  their  difpofition  to  refled:  different  kinds  of  rays  ;  and 
in  this  moft  abflrufe  inquiry,  he  appears  to  great  advantage, 
both  as  a  philofopher  and  as  a  mathematician,  though  he  does 
not  acquit  himfelf  quite  fo  much  to  our  fatisfadion  as  he  has 
done  in  the  former  part  of  his  fubjed. 


Newton’s  Opticks,  p.  156. 
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Two  obfervations  feem  to  have  given  him  the  hint  to  thefe  Cu¬ 
rious  inquiries  ;  both  of  which  had  been  noticed  by  Dr.  Hooke* 
though  one  of  them  feems  to  have  been  cafually  obferved  by 
himfelf.  Dr.  Hooke  had  remarked,  that  thin  tranfparent  fub- 
fiances,  particularly  water  and  foap,  blown,  into  bubbles,  exhi¬ 
bit  various  colours,  according  to  their  thinnefs,  though,  when 
they  have  a  confiderable  thicknefs,  they  appear  colourlefs  ;  and 
he  himfelf  obferved,  as  he  was  compreffing  two  prifms  hard  to¬ 
gether,  in  order  to  make  their  fides  (which  happened  to  be  a  lit¬ 
tle  convex)  to  touch  one  another,  that  in  the  place  of  contact 
they  were  perfectly  tranfparent,  as  if  they  had  both  been  one  con¬ 
tinued  piece  of  glafs.  For  when  the  light  fell  fo  obliquely  on 
the  air,  which,  in  other  places,  was  between  them,  as  to  be  all 
reflected,  it  feemed  in  that  place  of  contact  to  be  wholly  tranf- 
mitted,  in  fo  much  that  it  looked  like  a  black  and  dark  fpot ; 
and  when  it  was  looked  through,  it  appeared  like  a  hole  in  that 
air,  which  was  formed  into  a  thin  pjate,  by  being  compreded 
between  the  glades.  Through  this  hole  objects  might  be  feen 
very  diftin&ly,  though  they  were  not  vifible  through  other  parts 
of  the  glades,  where  the  air  intervened.  Though  thefe  glades 
were  a  little  convex,  yet  this  tranfparent  fpot  was  of  a  confidera- 
ble  breadth,  which  feemed  to  be  owing  to  the  parts  of  the  glafs 
giving  way  when  they  were  preded.  For  by  preding  them  very 
hard  together,  it  would  become  much  broader  than  before. 

When  this  plate  of  air,  by  turning  the  prifms  about  their 
common  axis,  became  fo  little  inclined  to  the  incident  rays, 
that  fome  of  them  began  to  be  tranfmitted,  there  arofe  in  it 
many  dender  arcs  of  colours,  which  at  drib  were  diaped  almod: 
like  a  conchoid,  as  they  are  delineated  in  fig.  87.  And  by  con¬ 
tinuing 
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tinning  the  motion  of  the  prifms,  thofe  arcs  increafed,  and 
bended  more  and  more  about  the  tranfparent  fpot,  till  they  were 
completed  into  circles,  or  rings  furrounding  it ;  and  afterwards 
they  grew  continually  more  and  more  contracted.  * 

To  obferve  more  nicely  the  order  of  the  colours  produced,  as 
he  fuppofed,  by  this  thin  plate  of  air,  he  took  two  object  glalfes, 
one  qf  them  a  plano-convex  belonging  to  a  14  foot  refracting 
telefcope  j  and  the  other  a  large  double 'convex  one,  for  a  teief- 
cope  of  about  50  feet,  and  laying  the  former  of  them  upon  the 
latter,  with  its  plain  fide  downwards,  he  preffed  them  flowly  to¬ 
gether,  in  order  to  make  the  colours  emerge  fucceffively  in  the 
middle  of  the  circle.  By  this  means  he  was  able  to  obferve'  dif- 
tin&ly  the  order  and  quality  qf  the  colours  from  the  central  fpot, 
to  a  very  confiderable  diftance. 

Next  to  the  pellucid  central  fpot,  made  by  the  contact  of  the 
glaifes,  fucceeded  blue,  white,  yellow,  and  red.  The  blue  was 
fo  little  in  quantity,  that  he  could  not  difcern  it  in  the  circles 
made  by  the  prifms ;  nor  could  he  well  diftinguifh  any  violet  in 
it ;  but  the  yellow  and  red  were  pretty  copious,  and  feemed  a- 
bout  as  much  in  extent  as  the  white,  and  4  or  5  times-more  than 
the  blue.  The  next  circuit  immediately  furrounding  thefe  con¬ 
fined  of  violet,  blue,  green,  yellow,  and  red,  and  thefe  were  all 
of  them  copious  and  vivid,  except  the  green,  which  was  very 
little  in  quantity,  and  feemed  much  more  faint  and  dilute  than 
the  other  colours.  Of  the  other  four,  the  violet  was  the  leaft 
in  extent,  and  the  blue  lefs  than  the  yellow  or  red.  The  third 
circle  of  colours  was  purple,  blue,  green,  yellow,  and  red.  In 
this  the  purple  feemed  more  reddifh  than  the  violet  in  the  for- 
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mer  circuit,  and  the  green  was  much  more  confpicuous  ;  being 
as  brifk  and  copious  as  any  of  the  other  colours,  except  the  yel¬ 
low  ;  but  the  red  began  to  be  a  little  faded,  inclining  very  much 
to  purple.  The  fourth  circle  confided  of  green  and  red,  and  of 
thefe  the  green  was  very  copious  and  lively,  inclining  on  the  one 
lide  to  blue,  and  on  the  other  fide  to  yellow  ;  but  in  this  fourth 
circle  there  was  neither  violet,  blue,  or  yellow,  and  the  red  was 
very  imperfedt  and  dirty.  All  the  fucceeding  colours  grew  more 
and  more  imperfect  and  dilute,  till,  after  three  or  four  revoluti* 
ons,  they  ended  in  perfedt  whitenefs. 

The  appearance  of  thefe  circles,  when  the  glades  were  moll 
compreffed,  fo  as  to  make  the  black  fpot  appear  in  the  center,  is 
delineated  in  fig.  88,  in  which  a ,  by  c,  dt  e:  f,gy  ht  i,  k:  /,  m,  n,  a, 
p  :  q,  r :  s,  t :  v,  x  :  yf  z  denote  the  colours  reckoned  in  ordet 
from  the  center,  viz.  black,  blue,  white,  yellow,  red ;  violet* 
blue,  green,  yellow,  red ;  purple,  blue,  green,  yellow,  red  •,  green, 
red  ;  greenifh  blue,  red  5  greenifh  blue,  pale  red  $  greenifh  blue* 
reddifh  white. 

To  determine  the  interval  of  the  glades,  or  the  thicknefs  of 
the  plate  of  air,  by  which  he  fuppofed  that  the  colours  were  pro¬ 
duced,  he  meafured  the  diameters  of  the  fird  6  circles,  at  their 
moll  lucid  parts,  and  fquaring  them,  he  found  their  fquares  to 
be  in  the  arithmetical  progrefiion  of  the  odd  numbers  1,  3,  5,  7, 
9,11;  and  fince  one  of  the  glades  was  plane  and  the  other  fphe- 
rical,  their  intervals  at  thefe  circles  mud,  he  fays,  be  in  the  fame 
progredion.  He  alfo  meafured  the  diameters  of  the  dark  or  faint 
rings  between  the  more  lucid  colours,  and  he  found  their  fquares 
to  be  in  the  arithmetical  progredion  of  the  even  numbers  2, 4,  6, 
8.,  10,  12,  and  dnee  it  was  very  nice  and  difficult  to  take  thefe 
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meafures  exactly,  he  repeated  them  feveral  times  at  different 
parts  of  the  glafs.* 

He  next  proceeded,  with  his  ufual  circumfpettion  and  accu¬ 
racy,  to  meafure  the  precife  thicknefs  of  this  plate  of  air,  and 
after  uflng  eveiy  precaution  that  he  could  think  of,  he  conclud¬ 
ed  that  the  thicknefs  of  the  air  at  the  darkeff  part  of  the  firfl:  dark 
ring,  made  by  perpendicular  rays,  to  be  in  the  neared:  round 
numbers  inr-rxr*  part  of  an  inch,  half  of  which,  multiplied  by 
the  progreflion,  1,  3,  5,  7,  9,  11,  &c.  gives  the  thickneffes  of 
the  air  at  the  mod:  luminous  parts  of  all  the  brighted:  rings,  their 
arithmetical  means  being  its  thicknefs  at  the  darkeft  parts  of  all 
the  dark  ones. 

Having  examined  the  appearance  of  thefe  coloured  rings  on 
the  upper  fide  of  the  thin  plate  by  reflected  light,  he  proceeded 
to  examine  the  under  fide,  in  order  to  obferve  what  light  was 
tranfmitted.  He  now  found  that  the  central  fpot  was  white, 
and  the  order  of  the  colours  was  yellowiih  red  ;  black,  violet, 
blue,  white,  yellow,  red  ;  violet,  blue,  green,  yellow,  red,  6cc. 
but  thefe  colours  were  very  faint  and  dilute,  except  when  the 
light  was  tranfmitted  very  obliquely  through  the  glades  ;  for  by 
that  means  they  became  very  vivid,  only  the  firfl:  yellowifh  red, 
like  the  blue  in  the  former  obfervation,  was  fo  little  and  faint,  as 
hardly  to  be  difcernible.  Comparing  the  coloured  rings  made  by 
reflexion  with  thofe  made  by  the  tranfmiflion  of  light,  he  found 
that  white  was  oppodte  to  black,  red  to  blue,  yellow  to  violet, 
and  green  to  a  compound  of  red  and  violet.  The  manner  of  this 
is  reprefented  in  fig.  89,  in  which  AB,  CD  are  the  furfaces  of 
the  glades  contiguous  at  E,  and  the  black  lines  between  them 
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are  their  distances  in  arithmetical  progreffion.  The  colours  ex- 
prelfed  above  are  feen  in  reflected  light,  and  thofe  below  by  light 
tranfmitted.* 

The  colours  above  mentioned  were  produced,  as  Sir  Ifaac 
Newton  thought,  by  means  of  a  thin  plate  of  air  intercepted  be¬ 
tween  the  two  glades.  When  he  put  water  between  them,  and 
meafured  the  rings  again,  he  found  the  proportion  of  their  dia¬ 
meters,  to  the  diameters  of  the  like  circles  made  by  air,  to  be 
about  7  to  8  ;  fo  that  the  intervals  of  the  glades,  at  dmilar  cir¬ 
cles,  caufed  by  thefe  two  mediums  water  and  air,  were  about  3 
to  4  ;  from  whence  our  author  concludes,  that  if  any  other  me¬ 
dium  lefs  denfe  than  water  be  compreded  between  the  glades, 
their  didances  at  the  rings  will  be  to  their  didances  caufed  by 
the  interjacent  air  as  the  dnes  which  meafure  the  refradtion  out 
of  that  medium  into  air.  But  this  he  expredes  with  fome  de¬ 
gree  of  doubt,  for  he  only  fays  that  perhaps  this  may  be  a  gene¬ 
ral  rule. 

A  remarkable  phenomenon  occured  while  our  author  was  exa¬ 
mining  thede  colours  made  with  water.  When  the  water  was 
between  the  glades,  if  he  preded  the  upper  glafs  varioudy  at  its 
edges,  in  order  to  make  the  rings  move  nimbly  from  one  place 
to  another,  a  little  white  fpot  would  immediately  follow  the 
center  of  them and  when  the  ambient  water  came  to  that  place, 
it  would  prefently  vanifh.  It  was  fuch  an  appearance  as  interja¬ 
cent  air  would  have  caufed,  and  it  exhibited  the  fame  colours, 
but  yet  it  was  not  air  $  for  where  any  bubbles  of  air  were  in  the 
water,  they  would  not  vanidi.  He  therefore  concludes  that  this 
redexion  mud  have  been  caufed  by  a  more  fubtle  medium,  which 
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could  recede  through  the  glafles,  as  the  water  came  between 
them.  *  There  is  little  reafon  to  doubt  but  that  this  white  fpot 
was  a  mere  vacuumy  and  no  fluid  whatever. 

In  order  to  examine  farther  the  phenomena  of  the  coloured 
rings,  produced  by  thefe  glafles,  our  philofopher  darkened  his 
room,  and  viewed  them  by  the  coloured  light  of  a  prifm 
caff:  on  a  fheet  of  white  paper,  his  eye  being  fo  placed,  that  he 
could  fee  the  coloured  paper  by  reflexion  in  the  glafles,  as  in  a 
looking  glafs  ;  and  by  this  means  the  rings  became  more  dif- 
tincft,  and  viflble  to  a  far  greater  number  than  in  the  open  air. 
He  fometimes  faw  more  than  20  of  them,  whereas  in  the  open 
air  he  could  not  difcern  above  8  or  9. 

Appointing  an  afliftant  to  move  the  prifm  about  its  axis,  that 
all  the  colours  might  fall  fucceflively  on  that  part  of  the  paper 
which  he  faw  by  reflexion,  from  that  part  of  the  glafles  where 
the  circles  appeared  (fo  that  all  the  colours  might  be  fucceflive¬ 
ly  reflected  from  the  circles  to  his  eye,  whilfl:  he  held  it  immove¬ 
able)  he  found  that  the  circles  made  by  the  red  light  were  ma- 
nifeftly  larger  than  thofe  which  were  made  by  the  blue  and  vio¬ 
let  •,  and  it  was  very  pleafant,  he  fays,  to  fee  them  gradually 
fwell  or  contract,  as  the  colour  of  the  light  was  changed.  The 
diftance  of  the  glafles  at  any  of  the  rings,  when  they  were  made 
by  the  ou  term  oft  red  light,  was  to  their  interval  at  the  fame  ring 
made  by  the  outermofl:  violet,  greater  than  3  to  2,  and  lefs  than 
13  to  8.  According  to  moft  of  his  obfervations,  it  was  as  14  to 
9  and  from  other  curious  obfervations  on  thefe  rings,  made  by 
different  kinds  of  light  thrown  upon  them,  he  collected  that  the 
thicknefles  of  the  air  between  the  glafles,  where  the  rings  are 

*  Newton’s  Opticks,  p.  183. 
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fucceflively  made,  by  the  limits  of  the  7  colours,  red,  orange, 
yellow,  green,  blue,  indigo,  and  violet,  in  order,  are  one  to  ano¬ 
ther  as  the  cube  roots  of  the  fquares  of  the  8  lengths  of  a  chord, 
which  found  the  notes  in  an  oCtave  fol,  la,  fa,  fol,  la,  mi,  fa,  fol, 
that  is  as  the  cube  roots  of  the  fquares  of  the  numbers  1 ,  t,  4, 4, 

*_  _3  _9  I 

8  }  *5  ,  iTj  a  • 

Thefe  rings  were  not  of  different  colours,  like  thofe  made  in 
the  open  air,  but  appeared  all  over  of  that  prifmatic  colour  only 
with  which  they  were  illuminated  ;  and  by  projecting  the  prif¬ 
matic  colours  immediately  upon  the  glades,  he  found  that  the 
light,  which  fell  on  the  dark  fpaces  between  the  coloured  rings 
was  tranfmitted  through  the  glaffes  without  any  change  of  colour. 
For  on  a  white  paper  placed  behind  it,  it  would  paint  the  rings 
of  the  fame  colour  with  thofe  that  were  reflected,  and  of  the  flze 
of  their  intermediate  fpaces.  From  this  circumftance  our  authof 
thought  that  the  origin  of  thefe  rings  is  manifeft ;  for  that  the 
air  between  the  glaffes  is  difpofed,  according  to  its  various  thick*- 
nefs,  in  fome  places  to  reflect,  and  in  others  to  tranfmit  the  light 
of  any  particular  colour,  and  in  the  fame  place  to  reflect  that  of 
one  colour,  where  it  tranfmits  that  of  another,  as  is  reprefented 
fig.  90.* 

4  All  the  preceding  obfervations  were  made  with  a  rarer  medi¬ 
um,  furrounded  by  a  denfer ;  but  in  the  next  place  he  proceeds 
to  examine  the  phenomena  of  colours  made  by  a  denfer  medium 
furrounded  by  a  rarer,  as  thofe  which  appear  in  plates  of  muf- 
covy  glafs,  bubbles  of  foap  and  water,  &c.  And  the  colours 
which  are  produced  in  thefe  circumftances,  our  author  found  to 

be  much  more  vivid  that  the  others. -f*  Bubbles  made  with  foap 
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and  water,  it  is  probable,  had  long  beenrthe  diverfion  of  children, 
before  they  were  noticed  by  Mr.  Boyle,  or  Dr.  Hooke;  but 
here  we  fee  them  dignified  by  the  attention  of  a  much  greater 
philofopher,  who  made  the  moft  important  ufe  of  them. 

After  reciting  the  particular  appearances  of  thefe  colours.  Sir 
Ifaac  Newton  obferves  that  they  have  a  great  affinity  with  thofe 
that  are  made  by  air,  defcribed  above.  The  circles  of  colours  in 
all  thefe  plates  appeared  dilated  when  he  viewed  them  obliquely, 
for  then  the  plate  of  air  or  water,  &c.  was  varied  in  its  thick- 
nefs ;  and  agreeable  to  this,  he  fays,  that  he  has  fometimes  ob- 
ferved  that  the  colours  which  arife  on  poliffied  fteel,  by  heating 
it,  or  on  bell  metal,  and  fome  other  metalline  fubftances,  when 
they  are  melted  and  poured  on  the  ground  to  cool  in  the  open 
air,  have  likewife  been  a  little  changed  by  being  viewed  at  dif¬ 
ferent  obliquities ;  and  particularly  that  a  deep  blue  or  violet, 
when  viewed  very  obliquely,  had  been  changed  to  a  deep  red. 
But  the  changes  of  thefe  colours,  he  fays,  are  not  fo  great  and 
fenfible  as  thofe  made  by  water ;  for,  the  fcoriae  or  vitrified  part  of 
the  metal,  which  moft  metals  when  heated  or  melted  continual¬ 
ly  protrude,  and  which,  by  covering  the  metals  in  the  form  of  a 
thin  glafly  coat,  caufes  thefe  colours,  is  much  denfer  than  water ; 
and  he  found  that  the  change  made  by  the  oblique  pofition  of 
the  eye  was  the  leaft  in  the  colours  of  the  denfeft  thin  fub¬ 
ftances.  * 

Left  it  ffiould  be  fufpe&ed  that  thefe  colours  depend  upon  fome 
other  circumftance  than  the  thicknefs  of  the  thin  plate,  befides 
(bme  other  experiments,  he  wetted  a  thin  plate  of  mufcovy  glafs, 

1  ,  -  a  j  ••  k  A  •  A  s  -i  C  ' 
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but  he  only  obferved  that  the  colours  became  more  faint  a.r^d  lan¬ 
guid.  There  was  no  change  of  their  fpecies.* 

Comparing  the  quantity  of  light  refleded  from  the  feveral 
rings,  he  found  that  it  was  mod:  copious  from  the  firft  or  inner- 
moft ;  and  in  the  exterior  rings  became  gradually  lefs  and  lefs. 
Alio  the  whitenefs  of  the  firft  ring  was  ftronger  than  that  which 
was  reflected  from  thofe  parts  of  the  thin  medium  or  plate  which 
w’ere  without  the  rings,  as  he  could  clearly  perceive  by  viewing 
at  a  diftance  the  rings  that  were  made  by  the  two  objed  glades, 
or  by  comparing  two  bubbles  of  water  blown  at  different  times  •, 
in  the  firft  of  which,  that  whitenefs  appeared  which  fucceeded 
all  the  colours,  and  in  the  others,  that  whitenefs  which  preced¬ 
ed  them  all.-f* 

In  many  of  the  preceding  cafes,  when  he  could  perceive  few 
or  none  of  the  above  mentioned  rings  with  his  naked  eye,  great 
numbers  were  vifible  on  viewing  them  through  a  prifm.§ 
Converfing  with  Mr.  Michell  upon  the  fubjed  of  this  fedion, 
it  immediately  occurred  to  him,  that,  fince  a  variety  of  obferva- 
tions,  which  will  be  recited  in  the  laft  period  of  this  work, 
make  it  fufficiently  evident,  that  the  coloured  rings  do  not  de¬ 
pend  upon  the  plate  of  air ,  all  the  effed  of  the  water  interpofed 
between  the  glaffes  may,  perhaps,  be  to  pufh  them  farther  afun- 
der,  inconfequence  of  which,  the  rings  will  be  contradedofcourfe. 
This,  as  he  obferved  to  me,  is  fimilar  to  the  effed  of  water  intro- 

*  Newton’s  Opticks,  p.  195.  f  lb.  Dr.  Jurin  fuppofes  that  Newton  was 
led  into_a  miftake  with  refped  to  this  ring  of  light,  imagining  it  to  be  broader  than  it 
really  is,  on  account  of  its  contiguity  to  the  black  fpot,  the  reafon  of  which  has  been 
hinted  already,  and  will  be  morefully  explained  hereafter.  Jurin’s  ElTay  on  diftind  and 
indiftind  vifion,  p  17 1,  §  Newton’s  Opticks,  p.  196. 
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duced  into  the  form  of  many  bodies,  as  clay,  which  always 
fwells  with  moifture.  Ropes  are  alio  affected  in  the  fame  man¬ 
ner  by  throwing  water  upon  them ;  and  the  force  with  which 
thefe  bodies  are  diftended,  by  this  means,  can  hardly  be  conceiv¬ 
ed;  whereas  the  parts  of  glafs  yield  to  a  very  flight  preflure. 

SECTION  V. 


The  application  of  the  observations  on  the  colours 
OF  THIN  PLATES  TO  THE  EXPLICATION  OF  THE  COLOURS 

OF  NATURAL  BODIES. 


NE  W  and  flriking  as  are  the  obfervations  in  the  preceding 
fedtion,  on  the  colours  of  thin  tranfparent  plates,  our  author 
did  not  content  himfelf  with  his  accurate  inveftigation  of  them, 
but  made  ufe  of  them  to  explain  the  colours  c.f  natural  colours ; 
and,  in  order  to  this,  he  firfl:  prefents  us  with  a  curious  mathe¬ 
matical  fcheme,  drawn  from  the  preceding  data ,  to  enable  aperfon 
to  diftinguifh  readily  and  accurately  what  prifmatic  colours  enter 
into  each  of  the  coloured  rings  above-mentioned ;  by  which  it 
appears  that  thofe  which  are  nearefl:  to  the  central  fpot,  and 
which  are  produced  by  the  thinneft  part  of  the  plate,  are  the 
moft  uncompounded,  and  that  the  reft  are  diluted  with  various 
other  colours,  till  at  laft  the  refult  is  mere  white. 

In  order  to  comprehend  this,  our  author  directs  that  there  be 
taken,  in  any  right  line,  from  the  point  Y,  fig.  91,  the  lengths 
YA,  YB,  YC,  YD,  YE,  YF,  YG,  YH,  in  propoition  to  one 
another  as  the  cube  roots  of  the  fquares  of  the  numbers 


a,  ii) 


t>  t>  L  t,  1,  by  which  the  lengths  of  a  mufical  chord,  to  found 
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all  the  notes  in  an  eighth,  are  reprefented;  that  is,  in  the  pro¬ 
portion  of  the  numbers  6300,  6814,  7114,  7631,  8255,  8855, 
9243,  10000.  And  at  the  points  A,B,C,D,E,F,G,H,  let  per¬ 
pendiculars  A  a,  B  b,  &c.  be  eredted,  by  whofe  intervals  the  ex¬ 
tent  of  the  feveral  colours  fet  underneath  againft  them  is  to  be 
reprefented.  Then  divide  the  line  A  a  in  fuch  proportion  as  the 
numbers  1,  2,  3,  5,  6,  7,  9,  10,  11,  &c.  fet  at  the  points  of  di- 
vilion  denote ;  and  through  thofe  divifions,  from  Y,  draw  lines  1  I, 
2  K,  3  L,  5  M,  6  N,  7  O,  &c. 

Now  if  A  2  be  fuppoled  to  reprefent  the  thicknefs  of  any  thin 
tranfparent  body,  at  which  the  outermoft  violet  is  moft  copioufly 
refiedted,  in  the  firft  ring  or  feries  of  colours  ;  then  HK  will 
reprefent  the  thicknefs  at  which  the  outermoft  red  is  moft  copi- 
oully  refiedted  in  the  fame  feries.  Alfo  A  6  and  HN  will  denote 
the  thicknelfes  at  which  thofe  extreme  colours  are  moft  copioufly 
refiedted  in  the  fecond  feries,  and  A  10  and  HQj;he  thicknefles 
at  which  they  are  moft  copioufly  refiedted  in  the  third  feries,  and 
fo  on.  And  the  thicknefs  at  which  any  of  the  intermediate  co- 
lours  are  refiedted  moft  copioufly  will  be  defined  by  the  diftance 
of  the  line  AH  from  the  intermediate  parts  of  the  lines  2  K, 
6  N,  ioQ^&c.  againft  which  the  names  of  thofe  colours  are 
written  below. 

But,  farther  to  define  the  latitude  of  thefe  colours,  in  each  ring 
or  feries,  let  A  1  reprefent  the  leaft  thicknefs,  and  A  3  the  greateft 
thicknefs  at  which  the  extreme  violet  in  the  firft  feries  is  refledt- 
ed,  and  let  HI,  and  HL  reprefent  the  like  limits  for  the  extreme 
red,  and  let  the  intermediate  colours  be  limited  by  the  interme¬ 
diate  parts  of  the  lines  1  I,  and  3  L,  againft  which  the  names  of 
thofe  colours  are  written,  and  fo  on  but  yet  with  this  caution, 
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that  the  reflexions  be  fuppofed  ftrongeft  at  the  intermediate 
/paces  2  K,  6  N,  10  &c.  and  from  thence  to  decreafe  gra¬ 

dually  towards  thefe  limits  1  I,  3  L,  5  M,  7  O,  &c.  on  either  lide, 
where  they  muft  not  be  conceived  to  be  precifely  limited,  but  to 
decay  indefinitely.  And  though  the  fame  latitude  is  here  aflign- 
ed  to  every  feries,  it  is  becaufe,  although  the  colours  in  the  firfl 
feries  feem  to  be  a  little  broader  than  the  reft,  by  reafon  of  a 
ftronger  reflection  there,  yet  that  inequality  is  fo  infenfible,  as 
fcarcely  to  be  determined  by  obfervation. 

Now,  according  to  this  defcription,  conceiving  that  the  rays 
originally  of  feveral  colours  are,  by  turns,  reflected  at  the  fpaces 
1IL3,  5  M  O7,  9PR11,  &c.  and  tranfmitted  at  the  fpaces 
AHI  1,  3  L  M  5,  7OP9,  &c.  it  is  eafy  to  know  what  colour 
muft  in  the  open  air  be  exhibited  at  any  thicknefs  of  a  tranfpa- 
rent  thin  body.  For  if  a  ruler  be  applied  parallel  to  AH,  at 
that  diftance  from  it  by  which  the  thicknefs  of  the  body  is  re- 
prefented,  the  alternate  fpaces  1  I  L  3,  5  M  O  7,  &c.  which  it 
crofles,  will  denote  the  reflected  original  colours,  of  which  the 
colour  exhibited  in  the  open  air  is  compounded.  Thus  if  the 
conflitution  of  the  green  in  the  third  feries  of  colours  be  defir- 
ed,  apply  the  ruler  as  at  prsf  and  by  its  pafling  through 
fomeof  the  blue  at  p,  and  yellow  at  s,  as  wellas  through  the  green 
at  r,  it  may  be  concluded  that  the  green  exhibited  at  that  thick¬ 
nefs  of  the  body  is  principally  conftituted  of  original  green,  but 
not  without  a  mixture  of  fome  blue  and  yellow.* 

On  thefe  grounds  he  contrived  thefollowing  ufeful  table,  where¬ 
in  the  thicknefles  of  air,  water,  and  glafs,  at  which  the  colours 
of  every  order  appear,  are  expreffed  in  parts  of  an  inch,  divid¬ 
ed  into  ten  hundred  thoufand  equal  parts. 

*  Newton’s  Opticks,  p.  200. 
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The  thicknefs  of  coloured  PLATES  and  PARTICLES  of 
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By  the  help  of  this  table  our  author  obferves,  that  the  bignefs 
of  the  parts  of  natural  bodies  may  be  conjectured  by  their  colours. 
Alfo,  if  two  or  more  very  thin  plates  be  laid  one  upon  another, 
fo  as  to  compofe  one  plate,  equalling  them  all  in  thicknefs,  the 
refulting  colour  may  be  hereby  determined.  For  inftance,  Dr. 
Hooke  obferved,  as  is  mentioned  in  his  Micrographia ,  that  a 
faint  yellow  plate  of  Mufcovy  glafs,  laid  upon  a  blue  one,  confti- 
tuted  a  very  deep  purple.  The  yellow  of  the  firft  order  is  a  faint 
one,  and  the  thicknefs  of  the  plate  exhibiting  it,  according  to 
the  table,  is  4  4  to  which  add  9,  the  thicknefs  exhibiting  blue 
of  the  fecond  order,  and  the  fum  will  be  1 3  4,  which  is  very 
nearly  the  thicknefs  exhibiting  the  purple  of  the  third  order.  * 

He  then  proceeds  to  give  a  curious  folution  of  feveral  particu¬ 
lar  appearances  in  his  obfervations  on  thefe  rings,  which  are  too 
minute  for  this  hiftory.  Thofe  who  would  examine  them  muft 
confult  the  latter  part  of  the  fecond  book  of  his  Opticks,  p.  2. 

To  apply  the  preceding  principles  to  the  colours  of  natural 
bodies,  our  author  makes  a  variety  of  obfervations,  the  moft 
important  of  which,  with  the  evidence  by  which  he  fupports 
them,  I  fhall  here  introduce. 

The  fuperficies  of  tranfparent  bodies,  fuch  as  air,  water,  oil, 
common  glafs,  cryftal,  metalline  glaffes,  Ifland  cryftal,  white 
tranfparent  arfenick,  diamonds,  &c.  have  a  ftronger  or  weaker 
reflexion,  according  to  the  greater  or  lefs  refractive  power  of  the 
mediums  that  are  contiguous  to  them.  For  at  the  confine  of  air 
and  fal-gem,  it  is  ftronger  than  at  the  confine  of  air  and  water, 
and  ftill  ftronger  between  air  and  common  glafs,  or  cryftal,  and 
ftronger  ftill  between  air  and  a  diamond.  If  any  of  thefe  be  im- 

*  Newton’s  Opticks,  p.  208. 
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merfed  in  water,  its  reflexion  becomes  much  weaker  than  before, 
and  it  is  weaker  Rill  if  it  be  immerfed  in  liquors  of  greater  re¬ 
fractive  powrers.  If  water  be  divided  into  two  parts  ^by  any 
imaginary  furface,  the  reflexion  in  the  confine  of  thofe  two  parts 
is  none  at  all ;  and,  for  the  fame  reafon,  there  can  be  no  fenfi- 
ble  reflexion  in  the  confine  of  two  glafles  of  equal  denfity.  The 
reafon,  therefore,  why  all  uniform  pellucid  mediums  have  no 
fenfible  reflexion,  but  at  their  external  furfaces,  where  they  are 
contiguous  to  mediums  of  different  denfities,  is  that  their  con¬ 
tiguous  parts  have  precifely  the  fame  degree  of  denfity. 

The  lead;  parts  of  almoft  all  natural  bodies  are,  in  fome  mea- 
fure  tranfparent,  and  their  opacity  arifes  from  the  multitude  of 
reflexions  in  their  internal  parts.  This  obfervation,  our  author 
fays,  has  been  made  by  other  perfons,  and  will  eafily  be  granted 
by  thofe  who  have  been  converfant  with  microfcopes.  It  may 
alfo  be  tried  by  applying  any  fubftance  to  a  hole,  through  which 
fome  light  is  admitted  into  a  dark  room :  for,  how  opaque  fo- 
ever  the  fubftance  may  feem  in  the  open  air,  it  will,  by  that 
means,  appear  manifeftly  tranfparent,  if  it  be  fufficiently  thin. 
White  metalline  bodies,  however,  muft  be  excepted ;  for,  on 
account  of  their  exceflive  denfity,  they  feem  to  reflect  almoft  all 
the  light  that  falls  on  their  firft  furface,  unlefs,  by  folution  in 
menftruums,  they  be  reduced  into  very  fmall  particles ;  and  then 
they  all  become  tranfparent.  *  It  will  appear  hereafter,  in  the 
account  of  M.  Bouguer’s  experiments,  that  even  polifhed  metal¬ 
line  bodies  do  not  reflect  more  than  about  half  the  light  that  falls 
upon  them. 

*  Newton’s  Opticks,  p.  220. 
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The  parts  of  bodies,  and  their  interftices,  mud:  not  be  lefs 
than  of  fome  definite  bignefs  to  render  them  opaque  and  colour¬ 
ed  ;  for  the  mod:  opaque  bodies,  as  has  juft  been  obferved,  if 
they  be  minutely  divided,  become  perfectly  tranfparent.  There 
was  alfo  no  fenfible  reflexion  at  the  furface  of  the  objeCt  glades, 
when  they  were  very  near  one  another,  though  they  did  not  ab- 
folutely  touch  ;  and  the  reflexion  of  the  water  bubble  where  it 
was  thinned:  was  almoft  infenfible,  fo  as  to  caufe  very  black  fpots 
to  appear  on  the  top  of  the  bubble,  through  the  want  of  reflect¬ 
ed  light.  For  this  reafon  he  fuppofes  it  is,  that  water,  fait,  glafs, 
ftones,  and  fuch  like  fubftances,  are  tranfparent ;  for  though,  on 
feveral  accounts,  they  feem  to  be  as  full  of  pores,  as  other  bo¬ 
dies,  yet  their  parts,  and  the  interftices  between  them,  are  too 
fmall  to  caufe  reflexions  at  their  common  furfaces. 

It  is  an  obvious  deduction  from  the  preceding  phenomena  of  the 
plates,  that  the  tranfparent  parts  of  bodies,  according  to  their  feveral 
fizes,  reflect  rays  of  one  colour,  and  tranfmit  thofe  of  another ; 
on  the  fame  account  that  thin  plates,  or  bubbles,  reflect  or  tranf¬ 
mit  thofe  rays  ;  and  this  he  took  to  be  the  reafon  of  all  their  co¬ 
lours.  In  his  illuftration  of  this  propofition,  he  obferves  that, 
if  we  confider  the  various  phenomena  of  the  atmofphere,  we  may 
obferve,  that  when  vapours  are  firft  raifed,  they  do  not  hinder 
the  tranfparency  .of  the  air,  being  divided  into  parts  that  are  too 
fmall  to  caufe  any  reflexion  at  their  furfaces  ;  but  when,  in  order 
to  compofe  drops  of  rain,  they  begin  to  coalefce,  and  confti- 
tute  globules  of  all  intermediate  fizes,  thofe  globules,  when  they 
come  to  be  of  a  fize  proper  to  reflect  fome  colours  and  tranfmit 
others,  may  conftitute  clouds  of  various  colours,  according  to 
their  fizes ;  and  he  did  not  think  that  any  thing  was  requifite 
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for  the  production  of  thefe  colours  in  fo  tranfparent  a  fubftance 
as  water,  befides  the  various  fizes  of  its  fluid  and  globular  parts, 
and  he  could  not  fee  that  any  thing  elfe  could  rationally  account 
for  thefe  colours  in  fuch  a  fubftance  as  water.  *  This  opinion 
we  fhall  find  juflly  controverted  by  Mr.  Melville,  with  refpeCt 
to  the  red  colour  of  the  morning  and  evening  clouds. 

One  of  the  moft  aftonifhing,  and  yet  one  of  the  cleareft  de¬ 
ductions  from  the  phenomena  of  thin  plates,  is  that  the  fize  of 
thofe  component  parts  of  natural  bodies  that  affeCt  the  light, 
may  be  conjectured  by  their  colours.  For  fince  the  parts  of  thefe 
bodies,  moft  probably,  exhibit  the  fame  colours  with  a  plate  of 
equal  thicknefs,  provided  they  have  the  fame  refraCtive  denfity ; 
and  fince  their  parts  feem,  for  the  moft  part,  to  have  much  the 
fame  denfity  with  water  or  glafs  (which  he  thought  might  eafily 
be  collected  from  many  circumftances)  the  preceding  table,  in 
which  the  thicknefs  of  water  or  glafs  exhibiting  any  particular 
colour  is  expreffed,  will  be  fufficient  to  determine  the  fizes  of  the 
parts  of  other  bodies  that  reflect  the  fame  colours.  Thus,  if  it 
be  defired  to  know  the  diameter  of  a  particle,  which,  being  of 
equal  denfity  with  glafs,  fhall  refleCt  green  of  the  third  order, 
the  number  16  ?  fhews  it  to  be  -i44|o-  parts  of  an  inch. 

The  greateft  difficulty  in  this  inveftigation,  as  our  author  ac¬ 
knowledges,  will  be  to  determine  the  order  to  which  the  parti¬ 
cular  colour  of  any  body  belongs,  that  is,  of  which  colour  of  the 
fame  fpecies  it  is,  with  refpeCt  to  its  diftance  from  the  central 
fpot.  But  any  perfon  may  be  aflifted  in  judging  of  this,  who 
fhall  confider  accurately  the  vividnefs,  the  particular  tinge,  and 
other  circumftances  relating  to  thefe  colours  ;  or,  without  feeing 

\  •  .  -  •  V  7r » 

*  Newton’s  Opticks,  p.  226,  228. 
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them  himfelf,  fhall  accurately  confider  our  author’s  minute  de- 
fcription  of  them,  p.  198,  &c.  to  which  I  refer  my  reader,  as  I 
mull:  alfo  do  for  feveral  curious  applications  of  them,  in  his  at¬ 
tempt  to  explain  the  natural  colours  of  fome  particular  bodies, 
p.  230,  &c.  To  be  as  concife  as  poflible,  I  muft  content  my- 
felf  with  delivering  his  general  doCtrine  upon  this  fubjeCt.  The 
reafon  why  he  is  fo  particular  in  thefe  defcriptions,  he  fays,  is 
becaufe  it  is  not  impoflible,  but  that  microfcopes  may  be  im¬ 
proved  fo  far  as  to  enable  us  to  difcover  thofe  particles  of  bodies 
on  which  their  colour  depends,  if  they  be  not  already,  in  fome 
meafure,  arrived  to  that  degree  of  perfection.  For  if  thefe  in- 
flruments  are,  or  can  be  fo  far  improved,  as,  with  fufficient  dif- 
tinCtnefs,  to  reprefent  objedts  5  or  6  hundred  times  bigger  than, 
at  a  foot  diftance,  they  appear  to  our  naked  eyes,  he  fhould  hope 
that  we  might  be  able  to  difcover  fome  of  the  largeft  of  thofe 
particles ;  and  by  one  that  fhould  magnify  3  or  4  thoufand  times, 
he  thought  they  might  perhaps  be  all  difcovered,  except  thofe 
which  produce  blacknefs.  The  difcovery  of  thefe  particles, 
however,  he  fears  will  be  the  utmoft  improvement  of  the  fenfe 
of  vifion  j  it  being  impoflible  to  fee  the  more  fecret  and  noble 
works  of  nature  within  thefe  particles,  on  account  of  their  tranf- 
parency.  * 

The  caufe  of  the  reflexion  of  light,  our  philofopher  obferves, 
is  not  the  impinging  of  it  on  the  folid  or  the  impervious  parts  of 
bodies,  as  is  commonly  fuppofed  ;  and  for  this  opinion  he  al¬ 
ledges  feveral  reafons,  the  moft  fliriking  of  which  I  {hall  quote. 
1  ft.  In  the  paflage  of  light  out  of  glafs  into  air,  there  is  as  ftrong 
a  reflexion  as  in  its  paflage  out  of  air  into  glafs,  or  rather  a  little 

*  Newton’s  Opticks,  p.  ‘336. 
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ftronger  than  in  its  paflage  out  of  glafs  into  water;  and  it  is  not 
probable  that  air  fhould  have  more  reflecting  parts  than  water 
or  glafs.  But  if  this  fhould  be  fuppofed,  it  will  avail  nothing ; 
fince  the  reflexion  is  as  ftrong,  or  ftronger,  when  the  air  is  drawn 
away  from  the  glafs. 

2dly,  If  the  colours  made  by  a  prifm,  placed  at  the  entrance 
of  a  beam  of  light  into  a  darkened  room,  be  fucceflively  caft  on 
a  fecond  prifm,  placed  at  a  greater  diftance  from  the  former,  in 
fuch  a  manner  as  that  they  fhall  be  all  alike  incident  upon  it, 
the  fecond  prifm  may  be  fo  inclined  to  the  incident  rays,  that 
thofe  which  are  of  a  blue  colour  fhall  be  all  reflected  by  it,  and 
yet  thofe  of  a  red  colour  fhall  be  copioufly  tranfmitted.  Now  if 
the  reflexion  be  caufed  by  the  parts  of  air,  or  glafs,  our  author 
afks,  why,  at  that  obliquity  of  incidence,  the  blue  fhould  all 
impinge  on  thofe  parts,  fo  as  to  be  all  reflected,  and  yet  the  red. 
find  pores  enow  to  be,  in  a  great  meafure,  tranfmitted^ 

3dly,  If  reflexion  was  caufed  by  the  folid  parts  of  reflecting 
bodies,  it  will  be  impoflible  for  thin  plates,  or  bubbles,  at  one 
and  the  fame  place,  to  reflect  the  rays  of  one  colour,  and  tranf- 
mit  thofe  of  another,  as  they  do.  For  it  is  not  to  be  imagined 
that  at  one  place  the  rays,  which,  for  inftance,  exhibit  a  blue 
colour,  fhould  have  the  fortune  to  dafh  upon  the  folid  parts, 
while  thofe  which  exhibit  a  red  colour,  hit  upon  the  pores  of 
the  body,  and  then,  at  another  place,  where  the  fubflance  is  ei¬ 
ther  a  little  thicker  or  a  little  thinner,  that  the  blue  fhould  hit 
upon  its  pores,  and  the  red  upon  the  folid  parts. 

Laflly,  were  the  rays  of  light  reflected  by  impinging  on  the 
folid  parts  of  bodies,  their  reflexions  from  polifhed  fub fiances  could 
not  be  fo  regular  as  they  are.  For  in  polifhing  glafs  with  fand. 
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putty,  or  tripoli,  it  is  not  to  be  imagined  that  thofe  fubftances 
can,  by  grating  and  fretting  the  glafs,  bring  all  its  lead;  particles 
to  an  accurate  polifh,  fo  that  all  their  furfaces  fhall  be  truly 
plane,  or  truly  fpherical,  and  look  all  the  fame  way,  and  toge¬ 
ther  compofe  one  even  fubftance.  The  fmaller  the  particles 
of  thofe  fubftances  are,  the  fmaller  will  be  the  fcratches  by 
which  they  continually  fret  and  wear  away  the  glafs,  till  it  be 
polifhed ;  but  be  they  ever  fo  fmall,  they  can  only  wear  away 
the  glafs  by  grating  and  fcratching  it,  and  breaking  the  pro¬ 
tuberances  ;  and  therefore  they  polifh  it  no  otherwife  than 
by  bringing  its  roughnefs  to  a  very  fine  grain  ;  fo  that  the  fcratch- 
ings  and  frettings  of  the  furface  become  too  fmall  to  be  vifible ; 
and  therefore,  if  light  were  reflected  by  impinging  upon  the  folid 
parts  of  the  glafs,  it  would  be  fcattered  as  much  by  the  moft 
polifhed  glafs  as  by  the  rougheft.  It  remains  a  problem  then 
how  glafs,  polifhed  by  fretting  fubftances,  can  reflect  the  light 
fo  regularly  as  it  does ;  and  this  problem  can  hardly  be  folved, 
but  by  fuppofing  that  the  reflexion  of  a  ray  is  made  not  by  a  Angle 
point  of  the  reflecting  body,  but  by  fome  power  of  the  body, 
which  is  diffufed  evenly  all  over  its  furface,  and  by  which  it  aCts 
upon  the  ray  without  immediate  contaCt.  And  that  the  parts  of 
bodies  do  aCt  upon  light  at  a  diftance  will  be  evident  from  the  ex¬ 
periments  of  our  author  upon  the  inflection  of  light. 

He  concludes  with  obferving  that,  if  light  be  reflected  not  by 
impinging  on  the  folid  parts  of  bodies,  but  by  fome  other  prin¬ 
ciple,  it  is  probable  that  as  many  of  its  rays  as  impinge  on  the 
folid  parts  of  bodies  are  not  reflected,  but  ftifled,  and  loft  in  the 
bodies.  Otherwife,  he  fays,  we  muft  fuppofe  two  kinds  of  re  ¬ 
flexion  }  for  fhould  all  the  rays  be  reflected  which  impinge  on 
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the  internal  parts  of  clear  water  or  cryftal,  thofe  fubftances 
would  rather  have  a  cloudy  colour,  than  a  clear  tranfparency. 
To  make  bodies  look  black,  it  is  necelfary  that  many  rays  be 
Hopped,  retained,  and  loft  in  them  ;  and  it  does  not  feem  pro¬ 
bable  that  any  rays  can  be  ftopped  and  ftifled  in  them,  which  do 
not  impinge  on  their  parts  ;  and  hence,  he  fays,  we  may  under- 
ftand,  that  bodies  are  much  more  rare  and  porous  than  is  com¬ 
monly  believed.  Water  is  19  times  lighter,  and  confequently 
1 9  times  rarer  than  gold,  and  yet  that  gold,  and  the  hardeft  and 
moft  folid  bodies  are  extremely  porous,  he  argues  from  feveral 
confiderations  ;  but  his  argument  from  their  ready  tranfmiflion 
of  the  magnetic  effluvia  does  not  feem  to  be  fatisfadtory.  It  is 
atleaft  a  doubt  whether  there  be  any  fuch  effluvium,  or  if  there  be, 
it  may  adt  through  glafs,  like  the  eledtric  fluid,  without  an  ac¬ 
tual  tranfmiflion.  That  light  is  ftifled  or  loft  by  impinging  on 
the  folid  parts  of  bodies,  we  ftiall  find,  is  not  admitted  by  M. 
Bouguer. 

To  aflift  us  to  conceive  how  bodies  may  be  exceedingly  porous, 
he  obferves  that,  if  we  confider  the  particles  of  bodies  to  be  fo 
difpofed  among  themfelves,  as  that  the  interftices,  or  empty 
fpaces  between  them,  may  be  equal  in  magnitude  to  them  all, 
and  that  thefe  particles  may  be  compofed  of  other,  and  much 
fmaller  particles,  and  fo  on  perpetually,  till  we  come  to  folid 
particles,  three  fuch  degrees  of  particles,  theleaftof  which  are  folid, 
will  conftitute  a  body  which  ftiall  have  7  times  more  pores  than 
folid  parts.  Four  fuch  degrees  of  particles  will  make  a  body 
with  1 5  times  more  pores  than  folid  parts,  and  fo  on  perpetual¬ 
ly.  There  are  alfo  other  ways  of  conceiving  how  bodies  may  be 
exceedingly  porous  $  but  what  is  really  their  inward  frame,  is  not 
yet  known  to  us.  It 
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It  was  firft  advanced  by  Sir  Ifaac  Newton,  that  bodies  refledt 
and  refradt  light  by  one  and  the  fame  power  in  different  circum- 
ftances.  This,  he  fays,  appears  from  feveral  confiderations. 
Firft,  becaufe  when  light  goes  out  of  glafs  into  air,  as  oblique¬ 
ly  as  it  can  poflibly  do,  if  its  incidence  be  made  more  oblique, 
it  becomes  wholly  reflected  •,  for  the  power  of  the  glafs,  after  it 
has  refradted  the  light  as  obliquely  as  poftible,  if  the  incidence 
be  made  more  oblique,  becomes  too  ftrong  to  let  any  of  its  rays 
go  through,  and  confequently  caufes  a  total  reflexion.  Secondly, 
light  is  alternately  reflected  and  tranfmitted  by  thin  plates  of 
glafs  for  many  fucceflions,  according  as  the  thicknefs  of  the  plate 
increafes  in  an  arithmetical  progreflion  ;  for  here  the  thicknefs 
of  the  glafs  determines  whether  that  power  by  which  glafs  adts 
upon  light  (hall  caufe  it  to  be  reflected  or  fuffered  to  be  tranf¬ 
mitted.  And  thirdly,  becaufe  thofe  furfaces  of  tranfparent  bo¬ 
dies  which  have  the  greateft  refradtive  power,  do  alfo  refledt  the 
greateft  quantity  of  light. * 

By  the  help  of  a  mathematical  demonftration,  our  author 
proves  that,  if  light  be  fwifter  in  bodies  than  in  vacuo,  in  the 
proportion  of  the  fines  which  meafure  the  refradtion  of  bodies, 
the  forces  of  the  bodies  to  refledt  and  refradt  light,  are  very  near¬ 
ly  proportional  to  the  denfities  of  the  fame  bodies,  excepting  that 
undtuous  and  fulphureous  bodies  refradt  more  than  others  of  the 
fame  denfity.'j- 

This  propofition  he  likewife  proves  by  experiments  on  various 
bodies,  the  refult  of  which  he  has  exprefled  in  a  table,  part  of 
which  I  fhall  copy ;  wherein  the  proportion  of  the  fines  which 
meafure  the  refradtions  of  feveral  bodies ;  the  denfity  of  the  bo- 

*  Newton’s  Opticks,  p.  244.  f  lb.  245. 
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dies,  eftimated  by  their  fpecific  gravity  5  and  their  refractive 
power  in  refpeCt  of  their  denfities  arefet  down  infeparate  columns. 


\u 


The  refrading  Bo¬ 
dies. 


‘UJOJ 


A  Pfeudo  -  Topaz, 
being  a  natural, 
pellucid,  brittle, 
hairy  Stone,  of  a 
yellow  Colour. 
Air. 

Glafs  of  Antimony. 
A  Selenitis. 

Glafs  Vulgar. 

Cryftal  of  the  Rock. 
I  (land  Cryftal. 

Sal  Gemmas. 

Alum. 

Borax. 

Niter. 

Dantzick  Vitriol. 

Oil  of  Vitriol 
Rain  Water. 

Gum  Arabic. 

Spirit  of  Wine  well 
redified- 
Camphire. 

Oil  Olive. 

Linfeed  Oil. 

Spirit  of  T urpentine. 
Amber. 

A  Diamond. 
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*  This  table,  as  well  as  that  of  Mr.  Haukfbee,  will  be  reprinted  in  another  form, 
-  ,  f  together  with  fome  of  Mr.  Euler’s,  in  the  laft  period  of  this  hiltory. 
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The  refraCtion  of  the  air4n  this  table  is  determined  by  that  of 
the  atmofphere  obferved  by  aftronomers.  For  if  light  pafs 
through  ever  fo  many  refraCHng  mediums,  which  are  gradually 
denfer  and  denfer,  the  fum  of  all  the  refractions  will  be  equal  to 
the  lingle  refraction  which  it  would  have  fuffered  in  palfmg  im¬ 
mediately  out  of  the  firft  medium  into  the  laft.  And  therefore 
the  whole  refraction  of  light,  in  palling  through  the  atmofphere, 
mult  be  equal  to  the  refraCtion  which  it  would  fuffer  in  palling, 
at  the  fame  obliquity,  out  of  a  vacuum  immediately  into  air,  of 
equal  denlity  with  that  which  is  in  the  lowelt  part  of  the  -atmof¬ 
phere.  * 

Our  author’s  reafoning  concerning  the  different  refraCtive 
power  of  certain  fubllances  is  fo  curious,  and  his  obfervations 
on  the  fubjeCt  are  fo  likely  to  be  a  means  of  making  farther  dis¬ 
coveries  into  the  powers  of  natural  bodies,  that  I  lhall  recite 
them  intire. 

Though  a  Pfeudo  Topaz,  felenitis,  rock  cryftal,  illand  cryftal, 
common  glafs,  and  glafs  of  antimony,  which  are  terreftrial,  ftony, 
alkalizate  concretes,  and  air,  which  probably  arifes  from  fuch 
fubllances  by  fermentation,  differ  very  much  from  one  another 
in  denlity,  yet  they  appear,  by  this  table,  to  have  refraCtive 
powers  almoll  in  the  fame  proportion  to  one  another  as  their 
denlities,  excepting  that  the  refraClion  of  that  Itrange  fubltance 
illand  cryftal  is  a  little  ftronger  than  the  reft.  Air,  in  particular, 
which  is  3500  times  rarer  than  the  pfeudo  topaz,  and  4400  times 
rarer  than  glafs  of  antimony,  and  2000  times  rarer  than  the 
felenitis,  common  glafs,  or  rock  cryftal,  has,  notwithftanding 
its  rarity,  the  fame  refraClive  power  in  refpeCt  to  its  denfity, 

*  Newton’s  Opticks,  p.  248. 
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which  thofe  very  denfe  fubflances  have  with  refpedt  to  theirs, 
excepting  fo  far  as  they  differ  from  one  another. 

Again,  the  refradtion  of  camphire,  olive  oil,  linfeed  oil,  fpirit 
of  turpentine  and  amber,  which  are  fat,  fulphureous,  undtuous 
bodies,  and  alfo  a  diamond,  which  is  probably  an  undtuous  fub- 
ftance  coagulated,  have  their  refradtive  powers  in  proportion  to 
one  another  as  their  denfities,  without  any  confiderable  variation. 
But  the  refradtive  powers  of  thefe  undtuous  fubflances  are  two 
or  three  times  greater,  with  refpedt  to  their  denfities,  than  the 
refradtive  powers  of  the  former  fubflances  are  with  refpedt  to 
theirs. 

Water  has  a  refradtive  power  in  a  middle  degree  between  thofe 
two  kinds  of  fubflances,  and  is,  probably,  of  a  rhiddle  nature. 
For  out  of  it  grow  all  vegetable,  and  animal  fubflances,  which 
confifl  as  well  of  fulphureous,  fat,  and  inflamable  parts,  as  of 
earthy,  lean,  and  alkalizate  ones. 

Salts  and  vitriols  have  refradtive  powers  in  a  middle  degree 
between  thofe  of  earthy  fubflances  and  water,  and  accordingly 
are  compofed  of  thofe  two  forts  of  fubflances.  For,  by  diftilla- 
tion  and  redlification  of  their  fpirits,  a  great  part  of  them  goes 
into  water,  and  a  great  part  remains  behind,  in  the  form  of  a  dry 
fixed  earth,  capable  of  vitrification. 

Spirit  of  wine  has  a  refradtive  power  in  a  middle  degree  be¬ 
tween  thofe  of  water  and  oily  fubflances ;  and,  accordingly, 
feems  to  be  compofed  of  both,  united  by  fermentation ;  the  water 
by  means  of  fome  faline  fpirits  with  which  it  is  impregnated, 
diffolving  the  oil,  and  volatilizing  it  by  the  adlion.  For  fpirit 
of  wine  is  inflammable  by  means  of  its  oily  parts,  and  being  dif- 
tilled  often  from  fait  of  tartar,  grows,  by  every  diflillation,  more 
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and  more  aqueous;  and  chymifls  obferve  that  vegetables,  as 
lavender,  rue,  marjoram,  See.  diflilled  per  fe  before  fermentation, 
yield  oils  without  any  burning  fpirits ;  but  that  after  fermenta¬ 
tion,  they  yield  ardent  fpirits,  without  oil;  which  fhews,  that 
their  oil  is,  by  fermentation,  converted  into  fpirit.  They  alfo 
find  that,  if  oil  be  poured  in  a  fmall  quantity  upon  fermenting  ve¬ 
getables,  they  diftilover,  after  fermentation,  in  the  form  of  fpirits. 

It  appears,  therefore,  by  the  foregoing  table,  that  all  bodies 

feem  to  have  their  refradtive  powers  proportional  to  their  denfi- 

ties,  or  very  nearly,  excepting  fo  far  as  they  partake  more  or  lefs 

of  fulphureous  oily  particles,  and  thereby  have  their  refradtive 

power  made  greater  or  lefs.  Whence  it  feems  reafonable  to  at- 
*  « 

tribute  the  refractive  power  of  all  bodies  chiefly,  if  not  wholly, 
to  the  fulphureous  parts  with  which  they  abound.  For  it  is 
probable  that  all  bodies  abound  more  or  lefs  with  fulphur,  and 
as  light  colledted  by  a  burning  glafs  adts  moft  ftrongly  upon  ful¬ 
phureous  bodies,  to  turn  them  into  fire  and  flame;  fo,  fince  all 
adtion  is  mutual,  fulphur  ought  to  adt  moft  ftrongly  upon  light. 
For  that  the  adtion  between  light  and  bodies  is  mutual,  may 
appear  from  this  confideration,  that  the  denfeft  bodies,  which 
refradt  and  refledt  the  light  moft  ftrongly,  grew  hotteft  in  the 
fummer  fun,  by  the  adtion  of  the  refradted  or  refledted  light.  * 

In  order  to  account  for  the  intervals  of  the  coloured  rings.  In 
thefe  thin  plates,  and  alfo  all  other  cafes  of  the  reflexion  or  tranf- 
miflion  of  light,  Sir  Ifaac  Newton  advances  an  hypothefis;  but, 
like  a  wife  man  and  a  cautious  philofopher,  he  profefles  not  to 
lay  much  ftrefs  upon  it,  though  he  feems  not  to  entertain  any 
fufpicion  of  its  truth.  He  fuppofes  that  every  ray  of  light  is,  at 

*  Newton’s  Opticks,  p.  248. 
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its  firft  emiflion  from  the  luminous  body,  put  into  a  tranjient flate , 
or  conjiitution ,  which,  in  its  progrefs,  returns  at  equal  intervals, 
difpoflng  it,  at  every  return,  to  be  eafily  tranfmitted  into  any  re¬ 
fracting  furface  it  may  then  meet  with,  whereas,  in  the  interval 
between  thefe  returns,,  it  is  difpofed  to  be  eafily  reflected ;  fo 
that,  upon  the  arrival  of  a  number  of  rays  of  light  at  the  furface 
of  any  medium,  thofe  of  them  which  were  in  a  flate  in  which 
they  were  difpofed  to  be  tranfmitted  eafily,  would  pafs  the  inter¬ 
val  between  the  two  mediums,  and  thofe  which  were  in  a  con¬ 
trary  ftate  would  be  reflected  ;  on  which  account  fome  light  is 
generally  reflected  and  fome  tranfmitted,  at  every  different  fur¬ 
face  on  which  it  falls.  Thefe  flates  into  which  the  rays  of  light 
are  put  he  calls  fits  of  eajy  reflexion  and  tranfmiflion. 

He  farther  conjectures,  that  thefe  fits  of  eafy  reflexion  and  tranf- 
miflion  may  be  occafioned  by  the  vibrations  of  a  fubtle  fluid,  in 
which  the  ray  pafles ;  any  ray  being  difpofed  to  be  tranfmitted 
when  the  vibration  coincides  with  it,  and  to  be  reflected  when  it 
is  counteracted  by  it.  He  alfo  thought  that  thefe  vibrations 
might  be  excited  by  the  mutual  aCtion  and  reaction  of  light,  of 
bodies,  and  of  this  medium,  at  the  inflant  of  reflexion  or  re¬ 
fraction.  In  faCt,  therefore,  he  fuppofes  two  caufes  of  this  dif- 
pofition  to  be  reflected  or  tranfmitted,  when  rays  of  light  arrive 
at  any  new  furface.  One  of  them  is  the  regular  vibration  of  the 
etherial  medium,  affeCting  them  through  the  whole  of  their  pro¬ 
grefs  from  the  luminous  body,  and  the  other  the  tremulous  mo¬ 
tion,  or  irregular  vibration  of  the  fame  medium  at  the  furfaces 
of  bodies,  occafloned  by  the  aCtion  and  reaction  between  light 
and  them.  For  this  laft  caufe  can  hardly  be  fuppofed  to  affeCt 
the  whole  ethereal  medium  equally,  and  produce  the  regular  re¬ 
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turns  of  thefe  fits  in  every  ray.  To  account  for  the  reflection 
and  tranfmiflion  of  light,  confining  of  all  colours  promifcuoufly, 
at  every  change  of  medium,  either  of  thefe  hypothefis  may  be 
fufficient ;  but  it  does  not  appear  that  either  of  them  will  fuffice 
for  the  colours  of  the  thin  plates  above  mentioned. 

If  every  ray  of  light  be  affeCted  with  thefe  fits  of  eafy  reflexi¬ 
on  and  tranfmiflion,  during  its  whole  progrefs  from  the  lumi¬ 
nous  body,  and  if  they  commence  at  the  luminous  body,  the 
intervals  between  them  mult  depend  upon  the  difliance  from  it, 
and  therefore  not  upon  any  circumftance  refpe&ing  the  body  on 
which  it  falls ;  fo  that,  without  any  regard  to  the  thicknefs  or 
thinnefs  of  the  above  mentioned  plates,  light  of  any  colour  muft 
be  reflected  or  refraCted  indifferently,  according  to  the  diflance 
of  the  furface  from  the  luminous  body. 

If  the  whole  of  this  medium  vibrate  at  the  fame  time,  it  mull 
affeCt  all  kinds  of  rays  alike,  fo  that  rays  of  all  colours  would  be 
difpofed  to  be  reflected  or  refraCted  at  the  fame  time,  provided 
they  were  at  the  fame  difliance  from  the  luminous  body,  even 
though  they  fhould  move  with  different  velocities.  Or  if  thefe 
etherial  pulfes  be  fuppofed  to  affeCt  fome  kinds  of  rays  more  than 
others,  that  effeCt  will  flill  be  uniform,  and,  confequently,  the 
very  fame  whatever  be  the  thicknefs  of  the  body  on  which  it  falls. 

If,  as  Newton  is  obliged  to  maintain,  the  difpofition  of  the 
rays  to  be  reflected  or  refraCted  depend  upon  the  thicknefs  of  the 
plate  on  which  the  rays  fall,  as  well  as  upon  their  own  fpecific 
quality,  the  whole  hypothefis  of  previous  fits,  or  fits  occafioned 
by  tremulous  motions  at  their  furfaces,  feems  to  be  fuperfluous ; 
for  what  would  the  arrival  of  any  particular  ray  at  the  furface  of 
rny  body,  in  a  fit  of  reflexion  fignify,  if  the  thicknefs  of  the 
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plate  was  fuch  as  required  it  to  be  tranfmitted.  Alfo  fince  the 
tremulous  motion  of  the  furface  mull  be  perpetually  changing 
with  refpeCt  to  every  particular  kind  of  rays,  the  fits  of  tranf- 
mifiion  or  reflexion  would  return  alternately  for  them  all  at  each 
furface. 

This  hypothefis  obliges  the  author  to  have  recourfe  to  what  is 
certainly  an  improbable  fuppofition,  viz.  That  the  reflexion  or 
refraction  takes  place  at  the  fecond  furface  of  the  thin  plate,  for, 
indeed,  as  he  fays,  if  it  was  performed  at  the  firfl:  furface,  it 
could  not  depend  upon  the  diftance  between  them  ;  and  as  he 
fays  that  thefe  alternate  reflexions  and  tranfmifiions  are  obferved 
in  plates  not  even  lefs  than  i  of  an  inch  thick,  we  mull  fuppofe 
that  in  thefe  cafes  the  light  that  forms  thefe  colours  enters  fo  far 
into  a  body  before  any  part  of  it  be  reflected. 

M.  Bofcovich,  one  of  the  firfl:  rate  mathematicians  and  philo- 
fophers  of  the  prefent  age,  and  who  has  particularly  diftinguifh- 
ed  himfelf  by  a  new  and  general  theory  of  the  laws  of  nature,  of 
which  fome  account  will  be  given  in  the  lafl:  period  of  this  hif- 
tory,  fuppofes,  with  Newton,  that  the  fits  of  reflexion  or  tranf- 
miflion  aflfeCt  the  rays  themfelves,  in  the  whole  of  their  paffage 
from  the  luminous  body,  but  that  they  arife  from  an  alteration  in 
their  form,  by  means  of  the  elafticity  of  their  component  parts, 
having  been  originally  driven  from  the  luminous  body  by  a  force 
which  aCted  more  firongly  on  the  hinder  parts  than  on  the  reft  of 
the  mafs,  and  thereby  put  them  into  a  vibratory  motion. 

He  alfo  fuppofes,  that  the  intervals  of  the  fits  of  eafy  reflexion 
and  tranfmiflion  may  be  different  in  different  rays  on  the  three 
following  accounts,  1 .  The  rays  that  are  differently  refrangible 
have  different  velocities,  at  leaft  after  refraCtion  5  fo  that,  though 
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the  fits  Ihould  return  at  equal  intervals,  it  will  affeCt  different 
rays  in  different  parts  of  their  progrefs.  2.  The  unequal  aCtion 
between  the  points  that  compofe  the  fame  particle  of  light  may 
make  a  difference  in  their  ofcillations,  at  the  time  of  changing 
their  medium.  Laffly,  rays  coming  in  different  inclinations  to 
the  new  furface,  the  internal  motions  of  thefe  points  will  be  in 
different  directions  with  refpeCt  to  the  furface,  and  confequently 
the  whole  mafs  of  the  medium  will  aCt  upon  all  the  points  dif¬ 
ferently.  * 

Upon  the  whole,  is  it  not  more  probable,  that  the  rays  of  light 
are tranfmitted  from  the  fun,  with  an  uniform  difpofition,  to  be  re¬ 
flected  or  refraCted  according  to  the  circumftances  of  the  bodies 
on  which  they  impinge,  and  that  the  tranfmiflion  of  fome  of 
the  rays,  under  the  fame  circumftances,  apparently,  with  others, 
that  are  reflected,  is  owing  to  the  minute  vibrations  of  the  fmall 
parts  of  the  furfaces  of  the  mediums  through  which  the  rays 
pafs,  vibrations  that  are  independent  of  aCtion  and  reaction  be¬ 
tween  the  bodies  and  the  particles  of  light  at  the  time  of  their 
impinging,  though,  probably,  excited  by  the  aCtion  of  preced¬ 
ing  rays.  That  thefe  furfaces  will  have  fuch  vibrations  can 
hardly  admit  of  a  doubt,  whereas  it  feems  very  doubtful,  not- 
withftanding  the  infinite  divifibility  of  matter,  whether  the  rays 
themfelves  are  not  too  fmall  to  admit  of  having  one  fide  of  them 
fo  violently  propelled,  while  the  other  fide  is  fo  far  out  of  the 
reach  of  the  repellency,  in  the  exertion  of  that  power  by  which 
they  are  driven  off  from  the  luminous  body,  as  to  have  any  con- 
fidjrable  vibration  excited  in  them  by  it.  It  is  poflible  however 
that  M.  Bofcovich’s  fcheme,  though  not  equally  probable,  may 
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be  true,  and  perhaps  both  thefe  caufes  may  concur  to  produce 
this  effeCt. 

As  to  the  tranfmiflion  or  reflexion  of  certain  kinds  of  light 
only,  producing  the  colours  in  the  thin  plates,  the  caufe  may  be 
this  ;  viz.  that  every  particle  of  the  medium  has  a  great  number 
of  equal  alternate  intervals  of  attraction  and  repulfion,  relatively 
to  the  particles  of  light,  but  that  thefe  intervals  are  of  different 
magnitudes,  according  as  the  particles  of  light  are  of  different 
colours.  Now  if  the  thicknefs  of  any  tranfparent  medium  in 
which  the  particles  of  matter  are  uniformly  placed,  is  fuch,  that 
the  attracting  intervals  of  the  extreme  particles,  as  well  as  the 
repelling  intervals,  coincide  with  one  another,  i.  e.  attracting 
with  attracting,  and  repelling  with  repelling,  in  regard  to  any 
one  kind  of  rays,  as  the  red  for  inftance,  by  the  united  force  of 
thefe  extremes  (all  the  intermediate  particles  of  the  medium 
mutually  deftroying  each  others  effeCts)  thefe  rays  will  be  re¬ 
flected.  But  where  the  plate  is  of  an  intermediate  thicknefs, 
between  this  and  the  next  thicknefs,  where  the  attracting  inter¬ 
vals  coincide,  attracting  with  attracting,  and  repelling  with  re¬ 
pelling,  the  attracting  intervals  will  coincide  .with  the  repelling 
ones,  and  the  repelling  ones  with  the  attracting  ones,  and  thefe 
mutually  deftroying  one  anothers  effeCts,  thefe  rays  will  pafs  on 
freely,  and  be  tranfmitted.  But  as  the  intervals  of  attraction  and 
repulfion  are  different  for  differently  coloured  rays,  as  has  been  ' 
fufliciently  demonftrated,  in  this  and  the  preceding  feCtion,  the 
thicknefs  of  the  plates  at  which  thefe  coincidences  will,  or  will 
not  happen,  in  the  differently  coloured  rays,  will  be  different. 

Upon  the  whole,  therefore,  it  is  probable,  that  all  the  myftery 
of  thefe  coloured  plates  depends  upon  the  attractions  and  repul¬ 
fion  s 


fions  of  the  p  rticles  of  the  bodies  that  compofe  them,  affeCting 
different  rays  in  a  different  manner,  according  to  their  thicknefs. 
My  objections  to  Newton’s  manner  of  accounting  for  the  colours 
of  thin  plates  are  of  long  ftanding,  but  the  hint  of  accounting 
for  them  in  the  manner  that  I  have  attempted  to  do,  by  the  doc¬ 
trine  of  attractions  and  repulfions,  was  firft  fuggefled  to  me  by 
Mr.  Michell,  agreeably  to  whofe  conjectures  relating  to  this 
fubjeCt,  I  have  given  the  preceding  account  of  the  probable  caufe 
of  thefe  appearances. 
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SI  R  Ifaac  Newton,  purfuing  his  difcoveries  concerning  the 
colours  of  thin  fubftances,  found  that  the  fame  was  alfo 
produced  by  plates  of  a  confiderable  thicknefs,  divifible  into 
leffer  thickneffes.  But  till  he  hit  upon  this  theory  the  appear¬ 
ances,  he  acknowledges,  were  ftrange  and  furprifing  to  him. 

There  is  no  glafs  or  fpeculum,  he  obferves,  how  well  polifh- 
ed  foever,  but,  belides  the  light  which  it  refraCts  or  reflects  re¬ 
gularly,  fcatters  every  way,  irregularly,  a  faint  light ;  by  means 
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of  which  the  polifhed  furface,  when  illuminated  in  a  dark  room, 
by  a  beam  of  the  fun’s  light,  may  eafily  be  feen,  in  all  pofitions 
of  the  eye.  It  was  with  this  fcattered  light  that  the  colours  in 
the  following  experiments  were  produced. 

The  fun  finning  into  his  darkened  chamber,  through  a  hole 
one  third  of  an  inch  wide,  he  let  the  beam  of  light  fall  perpen¬ 
dicularly  upon  a  glafs  fpeculum,  concave  on  one  fide,  and  con¬ 
vex  on  the  other,  ground  to  a  fphere  of  5  feet  and  1 1  inches  ra¬ 
dius,  and  quick  filvered  over  on  the  convex  tide.  Then  holding 
a  quire  of  white  paper  at  the  center  of  the  fphere  to  which  the 
fpeculums  were  ground,  that  is,  at  the  diftance  of  about  5  feet 
and  1 1  inches  from  the  fpeculum,  in  fuch  a  manner,  as  that  the 
beam  of  ' ‘tight  might  pafs  through  a  little  hole  made  in  the  mid¬ 
dle  of  the  paper  to  the  fpeculum,  and  thence  be  reflected  back 
to  the  fame  hole ;  he  obferved  upon  the  paper  4  or  5  concentric 
rirfgs  of  colours,  like  rainbows,  furrounding  the  hole,  very  much 
like  thofe  which  appeared  in  the  thin  plates  above  mentioned, 
but  larger  and  fainter.  Thefe  rings,  as  they  grew  larger  and 
larger,  became  more  dilute,  fo  that  the  fifth  was  hardly  vifible; 
and  yet  fometimes,  when  the  fun  fhone  very  clear,  there  appear¬ 
ed  faint  traces  of  a  fixth  and  feventh.  If  the  difiance  of  the 
paper  from  the  fpeculum  was  either  much  greater,  or  much  lefs 
than  fix  feet,  the  rings  became  dilute,  and  vanifiied.  And  if 
the  diftance  of  the  fpeculum  from  the  window  was  much  more 
than  6  feet,  the  refle&ed  beam  of  light  would  be  fo  broad,  at  the 
difiance  of  6  feet  from  the  fpeculum,  where  the  rings  appeared, 
as  to  obfcure  one  or  two  of  the  innermofi  rings.  He  therefore 
ufually  placed  the  fpeculum  at  about  6  feet  from  the  window,  fo 
that  its  focus  might  there  coincide  with  the  center  of  its  conca¬ 
vity 
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vity  at  the  rings  upon  the  paper  j  and  this  portion  is  always  to 
be  underflood  in  the'  following  obfervations  when  no  other  is 
expreffed.  * 

The  colours  of  thefe  rings  fucceeded  one  another  from  the 
center  outwards,  in  the  fame  form  and  order  with  thofe  which 
were  produced  by  the  thin  plates,  when  they  were  viewed,  not 
by  refle&ed,  but  by  tranfmitted  light.  The  colours  were  in'  the 
fame  order,  round  a  white  fpot  of  faint  light,  fomewhat  broader  * 
than  the  reflected  beam  of  light,  which  fometimes  fell  on  the 
middle  of  the  fpot,  and  fometimes,  by  a  little  inclination  of  the 
fpeculum,  receded  from  the  middle,  and  left  the  fpot  white  to 
the  center ;  and,  meafuring  the  diameter  of  the  rings,  he  found 
them  to  be  in  the  fame  proportion.^  Alfo,  applying  the  prifm, 
he  difeovered  more  of  thefe  circles  than  he  could  by  his  naked 
eye,  exactly  as  in  the  former  cafe.  § 

By  the  anology  of  all  thefe  phenomena  with  thofe  of  the  like 
rings  of  colours  deferibed  before,  it  feemed  to  him,  that  they 
were  produced  by  this  thick  plate  of  glafs,  in  a  manner  fimilar 
to  thofe  that  were  produced  by  very  thin  plates.  For  he  found 
that  if  the  quick  filver  was  rubbed  off  from  the  back  of  the  fpe¬ 
culum,  the  glafs  alone  would  caufe  the  fame  rings,  but  much 
more  faint  than  before •,  fo  that  the  phenomenon  did  not  depend 
upon  the  quick  filver,  except  fo  far  as,  by  increafing  the  reflexi¬ 
on  at  the  back  of  the  glafs,  it  increafed  the  light  of  the  colour¬ 
ed  rings.  He  alfo  found  that  a  fpeculum  of  metal  without  glafs 
produced  none  of  thofe  rings ;  which  made  him  conclude,  that 
they  did  not  arife  from  one  furface  only,  but  depended  upon  the 

#  Theoria,  p.  265.  f  lb.  p.  267.  §  lb.  p.  268. 
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two  furfaces  of  the  plate  of  glafs,  of  which  the  fpeculum  was 
made,  and  upon  the  thicknefs  of  the  glafs  between  them.* 

Upon  the  whole,  after  comparing  the  rings  made  by  the  thin 
plates  with  thofe  which  were  made  by  this  thick  one,  it  appeared 
to  him  that  they  had  one  and  the  fame  origin,  with  this  diffe¬ 
rence,  that  thofe  of  the  thin  plates  are  made  by  the  alternate 
reflexions  and  tranfmiffions  of  the  rays  at  the  fecond  furfaee  of 
the  plate,  after  one  paffage  through  it ;  but  that,  in  this  cafe, 
the  rays  go  through  the  plate  and  return  before  they  are  alter¬ 
nately  reflected  and  tranfmitted.  Firft  they  go  through  it  from 
the  firft  furfaee  to  the  quick  filver,  and  then  return  through  it 
from  the  quick  filver  to  the  firft  furfaee,  and  there  are  either 
tranfmitted  to  the  paper,  or  reflected  back  to  the  quick  filver, 
according  as  they  are  difpofed  to  be  reflected  or  tranfmitted, 
when  they  arrive  at  that  furfaee. ■f* 

He  then  proceeded  to  meafure  the  thicknefs  of  that  plate  of 
glafs,  and  finding  it  to  be  exactly  a  quarter  of  an  inch,  he  fhews, 
by  computation,  that  his  theory  was  juft  }  and  thus  he  fatisfied 
himfelf  that  (thefe  rings,  being  of  the  fame  kind,  and  having 
the  fame  origin  with  thofe  of  the  thin  plates)  the  alternate  dif- 
pofitions  of  the  rays  of  light  to  be  reflected  or  tranfmitted  are 
propagated  to  great  diftances  from  every  refleding  and  refrading 
furfaee.  § 

But,  to  put  the  matter  out  of  all  doubt,  he  procured  another 
concavo-convex  plate,  of  glafs  A  parts  of  an  inch  thick  j  and, 
by  comparing  the  appearance  of  the  colours  made  by  this  glafs 
with  the  thicknefs  of  it,  he  was  ftill  more  confirmed  in  his 
hypothefis. 

*  Theoria,  p,  272.  f  lb.  p.  274.  §  lb.  p.  280. 
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In  the  preceding  experiments  we  have  feen  that  our  author 
produced  circles  of  colours  refembling  thofe  of  the  under  fide  of 
the  thin  plates  3  but  by  diverfifying  his  apparatus,  he  fucceeded 
fo  far,  as  to  produce  them  in  the  fame  order  in  which  they  are 
exhibited  on  the  upper  fide  of  the  fame  plates. 

s  x 

When  the  beam  of  the-fun’s  light  was  reflected  back  from  the 
fpeculum,  not  directly  to-  the  hole  in  the  window,  but  to  a  place 
a  little  diftant  from  it,  the  common  center  of  that  fpot,  and  of 
all  the  rings  of  colours,  fell  in  the  middle  way  of  the  beam  of 
the  incident  light  and  the  beam  of  %the  reflected  light,  and  con- 
fequently  in  the  center  of  the  fpheric&Lconcavity  of  the  fpecu¬ 
lum  3  whenever  the  paper  on  ,  which  the  rings  fell  was  placed  in 
that  center.  And  as  the  beam  of  reflected  light,  by  inclining 
the  fpeculum,  receded  more  and  more  from  the  beam  of  incident 
light,  and  from  the  common  center  of  the  coloured  rings  be¬ 
tween  them,  thofe  rings  grew  larger  and  larger  3  as  alfo  did  the 
white  round  fpot,  and  new  rings  of  colours  emerged  fuccefiive- 
ly  out  of  their  common  center,  while  the  white  fpot  became  a 
white  ring  furrounding  them,  and  the  incident  and  the  refle&ed 
beams  of  light  always  fell  upon  the  oppofite  parts  of  this  white 
ring,  illuminating  its  circumference,  like  two  mock  funs  in  the 
oppofite  parts  of  an  iris.  The  diameter  of  this  ring,  therefore, 
meafured  from  the  middle  of  its  light  on  the  one  fide  to  the 
middle  of  its  light  on  the  other  fide,  was  always  equal  to  the 
diflance  between  the  middle  of  the  incident  beam  of  light,  and 
the  middle  of  the  reflected  beam,  meafured  at  the  paper  ori^vhich 
the  rings  appeared 3  and  the  rays  which  formed  this  ring  were 
reflected  by  the  fpeculum  in  angles  equal  to  their  angles  of  inci¬ 
dence,  and  confequently  to  their  angles  of  refra&ion  at  their  en- 
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trance  into  the  glafs ;  but  thefe  angles  of  reflexion  were  not  in 
the  fame  plane  with  the  angles  of  incidence. 

The  colours  of  thefe  new  rings  were  in  a  contrary  order  to 
thofe  of  the  former.  He  then  defcribes,  very  particularly,  the 
manner  in  which  thefe  colours  arofe  with  the  increafe  of  the  dis¬ 
tance  between  the  incident  and  reflected  beams  of  light. 

Thefe,  fays  he,  are  the  phenomena  of  thick  concavo-convex 
plates  of  glafs,  which  are  every  where  of  the  fame  thicknefs. 
There  are  yet,  he  fays,  other  phenomena,  when  thefe  plates  are 
a  little  thicker  on  one  lide  than  the  other,  and  others  when  the 
plates  are  more  or  lefs  concave  than  convex  or  piano  convex,  or 
double  convex.  For  in  all  thefe  cafes  the  plates  made  rings  of 
colours,  but  after  various  manners,  all  of  which,  as  far  as  he 
could  obferve,  agreed  with  his  general  hypothefis  laid  down  be¬ 
fore  ;  but  the  phenomena  being  very  various,  and  the  calculations 
exceedingly  intricate,  he  contented  himfelf  with  having  profe- 
cuted  thefe  phenomena  fo  far  as  to  difcover  the  caufe  of  them, 
and  thereby  confirm  his  general  conclufions  concerning  this 
fubjetf:.* 


•  Newton’s  Optieks,  p.  288. 

SECTION 

J  .  I  >  ■  v  :  J 


v  '!>  ’  iiwJli  i  •  •  .•  •  ...  - 

■  ;  -i'tr.i  •  \  7"j 

•  .  !  .  ; '  1  ?  •  ■  J  .  1  i 


/ 


Sec.  VII. 


THE  INFLECTION  OF  LIGHT. 


3*7 


I 


SECTION  VII. 

Observations  on  the  INFLECTION  of  light. 


IT  could  not  be  fuppofed  that  the  curious  obfervations  of  Dr. 

Hooke  and  Father  Grimaldi,  concerning  the  diffraction,  or, 
as  it  has  fince  been  called,  the  inflection  of  light,  would  efcape 
the  notice  of  Sir  Ifaac  Newton,  who  gave  fo  much  attention  to 
the  fubjedt  of  light  and  colours ;  and  we  find,  in  the  laft  book  of  ' 
his  Opticks,  that  he  repeated  thofe  experiments  with  the  greats 
eft  care,  diverfified  them,  and  purfued  them  much  farther  than 
they  had  done.  So  little  ufe  had  been  made  of  Grimaldi’s  ob¬ 
fervations,  that  all  philofophers  before  Newton  had  afcribed  the 
broad  Ihadows,  and  even  the  fringes  of  light  which  he  defcribed,. 
to  the  ordinary  refradtion  of  the  air ;  but  we  fhall  fee  them  placed 
in  a  very  different  point  of  view  by  our  author.  As  the  experi¬ 
ments  which  Sir  Ifaac  Newton  made  relating  to  the  infledtion  of 
light  exhibit  a  great  variety  of  new  appearances,  and  the  con- 
clufions  he  draws  from  them  are  of  great  importance  in  the 
theory  of  light  and  colours,  I  do  not  think  I  can  difcharge  my. 
duty  as  an  hiftorian,  without  reciting  a  very  confiderable  part  of 
the  third  book  of  his  Opticks.  Befides,  as  thefe  experiments 
were  the  laft  that  he  made,  and  are  acknowledged  by  himfelf  to- 
be  incomplete,  it  is  the  more  neceffary  to  be  particular  in  relat¬ 
ing  the  circumftances  of  them  that  others  may  be  enabled  to 
repeat  them,  and  carry  them  ftill  farther.  He. 
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He  made  in  a  piece  of  lead  a  fmall  hole  with  a  pin,  the  breadth 
of  which  was  the  42d  part  of  an  inch.  Through  this  hole  he 
let  into  his  darkened  chamber  a  beam  of  the  fun’s  light,  and 
found  that  the  fhadows  of  hairs,  and  other  flender  fubftances, 
placed  in  it,  were  confiderably  broader  than  they  would  have 
been,  if  the  rays  of  light  had  paffed  by  thofe  bodies  in  right  lines. 
He  therefore  concluded  that  they  muft  have  paffed  as  they  are 
reprefen  ted  in  fig.  92,  in  which  X  reprefents  a.  fe&ion  of  the 
hair,  and  AD,  BE,  &c.  rays  of  light  pafiing  by  at  different  dis¬ 
tances,  and  then  falling  upon  the  wall  GQ^  Since,  when  the 
paper  which  receives  the  rays  is  at  a  great  diftance  from  the  hair, 
the  fhadow  is  broad,  it  muft  follow,  as  he  obferves,  that  the 
hair  adts  upon  the  rays  of  light  at  fome  confiderable  diftance 
from  it*,  the  adtion  being  ftrongeft  on  thofe  rays  which  are  at  the 
leaft  diftance,  and  growing  weaker  and  weaker  on  thofe  which 
are  farther  off,  as  is  reprefented  in  this  figure  ;  and  from  hence 
it  comes  to  pafs,  that  the  fhadow  of  the  hair  is  much  broader  in 
proportion  to  the  diftance  of  the  paper  from  the  hair  when  it  is 
nearer,  than  when  it  is  at  a  great  diftance. 

He  found  that  it  was  not  material  whether  the  hair  was  fur- 
rounded  with  air,  or  with  any  other  pellucid  fubftance ;  for  he 
wetted  a  polifhed  plate  of  glafs,  and  laid  the  hair  in  the  water 
upon  the  glafs,  and  then  laying  another  polifhed  plate  of  glafs 
upon  it,  fo  that  the  water  might  fill  up  the  fpace  between  the 
glaffes,  and  holding  them  in  the  beam  of  light,  he  found  the 
fhadow,  at  the  fame  diftances  was  as  big  as  before.  Alfo  the 
fhadows  of  fcratches  made  in  polifhed  plates  of  glafs,  and  the 
veins  in  the  glafs,  caft  the  like  broad  fhadows,  fo  that  this  breadth 
of  fhadow  muft  proceed  from  fome  other  caufe  than  the  refrac¬ 
tion  of  the  air.  The 
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The  ffiadows  of  all  bodies,  metals,  ftones,  glafs,  wood,  horn, 
ice,  &c.  in  this  light  were  bordered  with  three  parallel  fringes, 
or  bands  of  coloured  light,  of  which  that  which  was  contiguous 
to  the  ffiadow  was  the  broadeft  and  mod:  luminous,  while  that 
which  was  the  moft  remote  was  the  narrowed:,  and  fo  faint,  as 
not  eafily  to  be  vifible.  It  was  difficult  to  diftinguiffi  thefe  co¬ 
lours,  unlefs  when  the  light  fell  very  obliquely  upon  a  fmooth 
paper,  or  fome  other  fmooth  white  body,  fo  as  to  make  them  ap¬ 
pear  much  broader  than  they  would  otherwife  have  done  ;  but 
in  thefe  circumftances  the  colours  were  plainly  vilible,  and  in  the 
following  order.  The  firfi:  or  innermoft  fringe  was  violet,  and 
deep  blue  next  the  ffiadow,  light  blue,  green,  and  yellow  in  the 
middle,  and  red  without.  The  fecond  fringe  was  almofl  con¬ 
tiguous  to  the  firft,  and  the  third  to  the  fecond ;  and  both  were 
blue  within,  and  yellow  and  red  without  j  but  their  colours  were 
very  faint,  efpecially  thofe  of  the  third.  The  colours,  there¬ 
fore,  proceeded  in  the  following  order  from  the  ffiadow,  violet, 
indigo,  pale  blue,  green,  yellow,  red  ;  blue,  yellow,  red  ;  pale 
blue,  pale  yellow,  and  red.  The  ffiadows  made  by  fcratches 
and  bubbles  in  poliffied  plates  of  glafs  were  bordered  with  the 
like  fringes  of  coloured  light. * 

He  alfo  obferves  that,  by  looking  on  the  fun  through  a  feather, 
or  black  ribbon,  held  clofe  to  the  eye,  feveral  rainbows  will  ap¬ 
pear,  the  ffiadows  which  the  fibres  or  threads  call  on  the  retina 
being  bordered  with  the  like  fringes  of  colours. -f* 

Meafuring  thefe  fringes  and  their  intervals  with  the  greatefi: 
accuracy,  he  found  the  former  to  be  in  the  progreffion  of  the 
numbers  i,  V  i,  V  L  and  their  intervals  to  be  in  the  fame  pro- 

*  Newton’s  Opticks,  p,  293.  f  lb.  p.  297. 
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greflion  with  them,  that  is,  the  fringes  and  their  intervals  toge¬ 
ther  to  be  in  the  continual  progrettion  of  the  numbers  i ,  V  t»  V  i 
V  V  t,  or  thereabouts.  And  thefe  proportions  held  the  fame 
very  nearly  at  all  diftances  from  the  hair,  the  dark  intervals  of 
the  fringes  being  as  broad  in  proportion  to  the  breadth  of  the 
fringes  at  their  firft  appearance  as  afterwards,  at  great  diftances 
from  the  hair,  though  not  fo  dark  and  diftindt.  * 

In  the  next  obfervation  of  our  author  we  find  a  very  remark¬ 
able  and  curious  appearance,  which  we  Ihould  hardly  have  ex-» 
pedted  from  the  circumftances,  though  it  is  pretty  fimilar  to  one 
that  was  noticed  by  Dr.  Hooke.  The  fun  fiiining  into  his  dark¬ 
ened  chamber,  through  a  hole  ^  of  an  inch  broad,  he  placed,  at 
the  diftance  of  two  or  three  feet  from  the  hole,  a  Iheet  of  pafte- 
board,  black  on  both  fides,  and  in  the  middle  of  it  he  had  made 
a  hole  about  4  of  an  inch  fquare,  for  the  light  to  pafs  through, 
and  behind  the  hole  he  fattened  to  the  patteboard  the  blade  of  a 
fharp  knife,  to  intercept  fome  partof  thelightwhichpaffed  through 
the  hole.  The  planes  of  the  patteboard  and  blade  of  the  knife 
were  parallel  to  one  another,  and  perpendicular  to  the  rays  ;  and 
when  they  were  fo  placed  that  none  of  the  light  fell  on  the  pafte- 
board,  but  all  of  it  patted  through  the  hole  to  the  knife,  and 
there  part  of  it  fell  upon  the  blade  of  the  knife,  and  part  of  it 
pafied  by  its  edge,  he  let  that  part  of  the  light  which  patted  by 
fall  on  a  white  paper,  2  or  3  feet  beyond  the  knife,  and  there 
faw  two  ttreams  of  faint  light  Ihoot  out  both  ways  from  the  beam 
of  light  into  the  lhadow,  like  the  tails  of  comets.  But  becaufe 
the  fun’s  diredt  light,  by  its  brightnefs  upon  the  paper,  obfcured 
thefe  faint  ttreams,  fo  that  he  could  fcarce  fee  them,  he  made  a 


*  Newton’s  Opticks,  p.  300. 


little 


Sec.  VII.  THE  INFLECTION  OF r  LIGHT.  321 

little  hole  in  the  midd  of  the  paper'for  that  light  to  pafs  through 
and  fall  on  a  black  cloth  behind  it ;  and  then  he  faw  the  two 
dreams  plainly.  They  were  like  one  another,  and  pretty  nearly 
equal  in  length,  breadth,  and  quantity  of  light.  Their  light* 
at  that  end  which  was  next  to  the  fun’s  direct  light,  was  pretty 
drong  for  the  fpace  of  about  t  of  an  inch,  or  4-  an  inch,  and  de- 
creafed  gradually,  till  it  became  infenfible. 

The  whole  length  of  either  of  thefe  dreams,  meafured  upon 
the  paper,  at  the  didance  of  3  feet  from  the  knife,  was  about 
6  or  8  inches,  fo  that  it  fubtended  an  angle,  at  the  edge  of  the 
knife,  of  about  10  or  12,  or  at  mod:  14  degrees.  Yet  fome- 
times  he  thought  he  faw  it  fhoot  3  or  4  degrees  farther,  but  with 
a  light  fo  very  faint,  that  he  could  hardly  perceive  it.  This 
light  he  fufpe&ed  might,  in  part  at  lead:,  arife  from  fome  other 
caufe  than  the  two  dreams.  For,  placing  his  eye  in  that  light, 
beyond  the  end  of  that  dream  which  was  behind  the  knife,  and 
looking  towards  the  knife,  he  could  fee  a  line  of  light  upon  its 
edge,  and  that  not  only  when  his  eye  was  in  the  line  of  the 
dreams,  but  alfo  when  it  was  out  of  that  line,  either  towards 
the  point  of  the  knife,  or  towards  the  handle.  This  line  of 
light  appeared  contiguous  to  the  edge  of  the  knife,  and  was  nar¬ 
rower  than  the  light  of  the  innermod  fringe,  and  narrowed 
when  his  eye  was  farthed  from  the  direct  light ;  and  therefore 
feemed  to  pafs  between  the  light  of  that  fringe  and  the  edge  of 
the  knife;  and  that  which  paffed  neared  the  edge  feemed  to  be 
mod  bent,  though  not  all  of  it. 

He  then  placed  another  knife  by  the  former,  fo  that  their 
edges  might  be  parallel,  and  look  towards  one  another,  and  that 
the  beam  of  light  might  fall  upon  both  the  knives,  and  fome 
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part  of  it  pafs  between  their  edges.  In  this  fituation  he  ob- 
ferved  that,  when  the  diflance  of  their  edges  was  about  the  400th 
part  of  an  inch,  the  flream  divided  in  the  middle,  and  left  a 
fhadow  between  the  two  parts.  This  fhadow  was  fo  black  and 
dark,  that  all  the  light  which  pafled  between  the  knives  feemed 
to  be  bent  and  turned  afide  to  the  one  hand  or  to  the  other  ;  and 
as  the  knives  flill  approached  one  another,  the  fhadow  grew 
broader,  and  the  flreams  fhorter,  next  to  it,  till,  upon  the  con- 
tad  of  the  knives,  all  the  light  vanifhed. 

From  this  experiment  our  author  concludes,  that  the  light 
which  is  leafl  bent,  and  which  goes  to  the  inward  ends  of  the 
flreams,  paffes  by  the  edges  of  the  knives  at  the  greatefl  diflance ; 
and  this  diflance,  when  the  fhadow  began  to  appear  between  the 
flreams,  was  about  the  800th  part  of  an  inch;  and  the  light 
which  paffed  by  the  edges  of  the  knives  at  diflances  flill  lefs  and 
lefs  was  more  and  more  faint,  and  went  to  thofe  parts  of  the 
flreams,  which  were  farther  from  the  dired  light ;  becaufe  when 
the  knives  approached  one  another  till  they  touched,  thofe  parts 
of  the  flreams  vanifhed  lafl  which  were  farthefl  from  the  di- 
red  light. 

In  the  experiment  of  one  knife  only,  the  coloured  fringes  did 
not  appear ;  but,  on  account  of  the  breadth  of  the  hole  in  the 
window,  became  fo  broad  as  to  run  into  one  another,  and,  by 
joining,  to  make  one  continual  light  in  the  beginning  of  the 
flreams;  but  in  the  lafl  experiment,  as  the  knives  approached 
one  another,  a  little  before  the  fhadow  appeared  between  the  two 
flreams,  the  fringes  began  to  appear  on  the  inner  ends  of  the 
flreams,  on  either  fide  of  the  dired  light,  three  on  one  fide,  made 
by  the  edge  of  one  knife,  and  three  on  the  other  fide,  made  by 
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the  edge  of  the  other  knife.  They  were  the  moft  diftindt  when 
the  knives  were  placed  at  the  greateft  diftance  from  the  hole  in 
the  window,  and  became  Hill  more  diftinCt  by  making  the  hole 
lefs  }  fo  that  he  could  fometimes  fee  a  faint  trace  of  a  4th  fringe, 
beyond  the  three  above  mentioned  ;  and  as  the  knives  approach¬ 
ed  one  another,  the  fringes  grew  more  diftinCt  and  larger,  till 
they  vanifhed  ;  the  outermoft  vaniihing  firft,  and  the  innermoft 
laft.  After  they  were  all  vanifhed,  and  the  line  of  light  which 
was  in  the  middle  between  them  was  grown  very  broad,  extend¬ 
ing  itfelf  on  both  tides  into  the  ftreams  of  light  defcribed  before, 
the  above  mentioned  fhadow  began  to  appear  in  the  middle  of 
this  line,  and  to  divide  it  along  the  middle  into  two  lines  of  light, 
and  increafed  till  all  the  light  vanifhed.  This  enlargement  of 
the  fringes  was  fo  great,  that  the  rays  which  went  to  the  inner¬ 
moft  fringe  feemed  to  be  bent  about  20  times  more  when  the 
fringe  was  ready  to  vanifh,  than  when  one  of  the  knives  was 
taken  away. 

From  both  thefe  experiments  compared  together,  our  author 
concluded,  that  the  light  of  the  firft  fringe  pafied  by  the  edge  of 
the  knife  at  a  diftance  greater  than  the  800th  part  of  an  inch,  that 
the  light  of  the  fecond  fringe  pafied  by  the  edge  of  the  knife  at  a 
greater  diftance  than  the  light  of  the  firft  fringe,  and  that  of  the 
third  at  a  greater  diftance  than  that  of  the  fecond  ;  and  that  the 
light  of  which  the  ftreams  above  mentioned  confifted,  pafied  by 
the  edges  of  the  knives  at  lefs  diftances  than  that  of  any  of  the 
fringes. 

He  then  got  the  edges  of  two  knives  ground  truly  ftraight,  and 
pricking  their  points  into  a  board,  fo  that  their  edges  might  look 
towards  one  another,  and,  meeting  near  their  points,  contain  a 
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rectilinear  angle,  he  fattened  their  handles  together,  to  make  the 
angle  invariable.  The  diftance  of  the  edges  of  the  knives  from 
one  another,  at  the  dittance  of  4  inches  from  the  angular  point, 
where  the  edges  of  the  knives  met,  was  the  8th  part  of  an  inch, 
fo  that  the  angle  contained  by  their  edges  was  about  iQ  54'. 
The  knives  being  thus  fixed  together,  he  placed  them  in  a  beam 
of  the  fun’s  light  let  into  his  darkened  chamber,  through  a  hole 
the  42th  part  of  an  inch  wide,  at  the  diftance  of  10  or  15  feet 
from  the  hole  j  and  he  let  the  light  which  patted  between  their 
edges  fall  very  obliquely  on  a  fmooth  white  ruler,  at  the  diftance 
of  4  an  inch,  or  an  inch  from  the  knives ;  and  there  he  faw  the 
fringes  made  by  the  two  edges  of  the  knives  run  along  the  edges 
of  the  lhadows  of  the  knives,  in  lines  parallel  to  thofe  edges, 
without  growing  fenfibly  broader,  till  they  met  in  angles  equal 
to  the  angle  contained  by  the  edges  of  the  knives ;  and  where 
they  met  and  joined  they  ended,  without  crofting  one  another. 
But  if  the  ruler  was  held  at  a  much  greater  diftance  from  the 
knives,  the  fringes,  where  they  were  farther  from  the  place  of 
their  meeting,  were  a  little  narrower,  and  they  became  fomething 
broader  as  they  approached  nearer  to  one  another,  and  after  they 
met  they  crofted  one  another,  and  then  became  much  broader 
than  before. 

From  thefe  obfervations  he  concluded,  that  the  diftances  at 
which  the  light  compofing  the  fringes  patted  by  the  knives  were 
not  increafed  or  altered  by  the  approach  of  the  knives,  but  that 
the  angles  in  which  the  rays  were  there  bent  were  much  increaf¬ 
ed  by  that  approach,  and  that  the  knife  which  was  neareft  to  any 
ray  determined  which  way  the  ray  ftiould  be  bent,  but  that  the 
other  knife  increafed  the  bending. 
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When  the  rays  fell  very  obliquely  upon  the  ruler,  at  the  dis¬ 
tance  of  a  third  part  of  an  inch  from  the  knives,  the  dark  line 
between  the  firffc  and  fecond  fringe  of  the  fhadow  of  one  knife, 
and  the  dark  line  between  the  firft  and  fecond  fringe  of  the  Iha- 
dow  of  the  other  knife  met  one  another,  at  the  diftance  of  the 
5th  part  of  an  inch  from  the  end  of  the  light  which  palfed  be¬ 
tween  the  knives,  where  their  edges  met  one  another  3  fo  that 
the  diftance  of  the  edges  of  the  knives,  at  the  meeting  of  thefe 
dark  lines,  was  the  160th  part  of  an  inch  3  and  one  half  of  that 
light  pafled  by  the  edge  of  one  knife,  at  a  diftance  not  greater 
than  the  320th  part  of  an  inch,  and,  falling  upon  the  paper, 
made  the  fringes  of  the  fhadow  of  that  knife  3  while  the  other 
half  paft*ed  by  the  edge  of  the  other  knife,  at  a  diftance  not 
greater  than  the  320th  part  of  an  inch,  and  falling  upon  the  pa¬ 
per,  made  the  fringes  of  the  lhadow  of  the  other  knife.  But 
if  the  paper  was  held  at  a  diftance  from  the  knives  greater  than 
the  3d  part  of  an  inch,  the  dark  lines  above  mentioned  met  at 
a  greater  diftance  than  the  fifth  part  of  an  inch  from  the  end  of 
the  light  which  paffed  between  the  knives,  at  the  meeting  of 
their  edges  3  fo  that  the  light  which  fell  upon  the  paper  where 
thofe  dark  lines  met  pafled  between  the  knives,  where  their 
edges  were  farther  diftant  than  the  160th  part  of  an  inch.  For 
at  another  time,  when  the  two  knives  were  8  feet  and  5  inches 
from  the  little  hole  in  the  window,  the  light  which  fell  upon  the 
paper  where  the  above  mentioned  dark  lines  met  pafied  between 
the  knives,  where  the  diftance  between  their  edges  was,  as  in  the 
following  table,  at  the  diftances  from  the  paper  there  noted. 
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Diftances  of  the  paper  from  the 

Diftances  between  the  edges  of 

knives  in  inches.  j 

the  knives  in  milleftmal  parts 

of  an  inch. 

1  i 

0,012 

3  t 

0,020 

8  4 

0,034 

32 

o,o  57 

96 

0,081 

I3I 

0,087 

From  thefe  obfervations  he  concluded  that  the  light  which 
makes  the  fringes  upon  the  paper  is  not  the  fame  light,  at  all 
diftances  of  the  paper  from  the  knives ;  but  that  when  the  pa¬ 
per  is  held  near  the  knives,  the  fringes  are  made  by  light  which 
pafles  by  the  edges  of  the  knives  at  a  lefs  diftance,  and  is  more 
bent  than  when  the  paper  is  held  at  a  greater  diftance  from  the 
knives. 

When  the  fringes  of  the  fhadows  of  the  knives  fell  perpendi¬ 
cularly  upon  the  paper,  at  a  great  diftance  from  the  knives,  they 
were  in  the  form  of  hyperbola’s,  their  dimenflons  being  as  fol¬ 
lows.  Let  CA,  CB  fig.  93,  reprefent  lines  drawn  upon  the 
paper,  parallel  to  the  edges  of  the  knives  ;  and  between  which  all 
the  light  would  fall  if  it  fuffered  no  inflection.  DE  is  a  right 
line  drawn  through  C,  making  the  angles  ACD,  BCE  equal  to 
one  another,  and  terminating  all  the  light  which  falls  upon  the 
paper,  from  the  point  where  the  edges  of  the  knives  meet. 
Then  e  is>f  k  t,  and g  l  v,  will  be  three  hyperbolical  lines,  repre- 
fenting  the  boundaries  of  the  fhadow  of  one  of  the  knives,  the 
dark  line  between  the  firft  and  fecond  fringes  of  that  fhadow,  and 
the  dark  line  between  the  fecond  and  third  fringes  of  the  fame 
fhadow.  Alfo  x  ip,  y  k  y,  and  z  l r  will  be  three  other  hyperbo¬ 
lical 
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lical  lines,  reprefenting  the  boundaries  of  the  fhadow  of  the  o- 
ther  knife,  the  dark  line  between  the  firft  and  fecond  fringes  of 
that  Ihadow,  and  the  dark  line  between  the  fecond  and  third 
fringes  of  the  fame  fhadow.  Thefe  three  hyperbola  s  are  fimilar, 
and  equal  to  the  former  three,  and  crofs  them  in  the  points 
iy  ky  and  / ;  fo  that  the  fhadows  of  the  knives  are  terminated,  and 
diftinguilhed  from  the  firft  luminous  fringes,  by  the  lines  e  i  s 
and  x  i p,  till  the  meeting  and  eroding  of  the  fringes  ;  and  then 
thofe  lines  crofs  the  fringes  in  the  form  of  dark  lines  terminating 
the  firfl  luminous  fringes  on  the  inlide,  and  diftinguifhing  them 
from  another  light,  which  begins  to  appear  at  /,  and  illuminates 
all  the  triangular  fpace  ip  DE  r,  comprehended  by  thofe  dark 
lines  and  the  right  line  DE.  Of  thefe  hyperbola’s  one  afymptote 
is  the  line  DE,  and  the  other  afymptotes  are  parallel  to  the 
lines  CA  and  CB.* 

The  fun  fhining  into  his  darkened  room  through  the  fmall 
hole  mentioned  above,  he  placed  at  the  hole  a  prifm  to  refraft 
the  light,  and  to  form,  on  the  oppofite  wall,  the  coloured  image 
of  the  fun y  and  he  found  that  the  fhadows  of  all  bodies,  held 
in  the  coloured  light  between  the  prifm  and  the  wall,  were  bor¬ 
dered  with  fringes  of  the  colour  of  that  light  in  which  they 
were  held  ;  and  comparing  the  fringes  made  in  the  feveral  co¬ 
loured  lights,  he  found  that  thofe  made  in  the  red  light  were 
the  largeft,  thofe  made  in  the  violet  were  the  leaft,  and  thofe 
made  in  the  green  were  of  a  middle  bignefs.  For  the  fringes  with 
which  the  fhadow  of  a  man’s  hair  were  bordered,  beino-  mea- 
fured  crofs  the  fhadow,  at  the  diftance  of  lix  inches  from  the  hair, 
the  diftance  between  the  middle  and  molt  luminous  part  of  the 


*  Newton’s  Opticks,  p.  309. 
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firft  or  innermoft  fringe  on  one  fide  of  the  fhadow,  and  that  of 
the  like  fringe  on  the  other  fide  of  the  fhadow,  was,  in  the  full  red 
light  -rri  of  an  inch,  and  in  the  full  violet  The  like  diftance 
between  the  middle  and  mod:  luminous  parts  of  the  fecond  frin¬ 
ges,  on  either  lide  of  the  fhadow,  was  in  the  full  red  light  •?'»> 
and  the  violet  -f7  of  an  inch ;  and  thefe  diftances  of  the  fringes 
held  the  fame  proportion  at  all  diftances  from  the  hair,  without 
any  fenfible  variation. 

From  thefe  obfervations  it  was  evident,  that  the  rays  which 
made  the  fringes  in  the  red  light,  paffed  by  the  hair  at  a  greater 
diftance  than  thofe  which  made  the  like  fringes  in  the  violet ;  fo 
that  the  hair,  in  caufing  thefe  fringes,  aCted  alike  upon  the  red 
light  or  lead  refrangible  rays,  at  a  greater  diftance,  and  upon  the 
violet  or  moft  refrangible  rays  at  a  lefs  diftance  ;  and  thereby  oc- 
cafioned  fringes  of  different  lizes,  without  any  change  in  the  co¬ 
lour  of  any  fort  of  light. 

It  may,  therefore,  be  concluded,  that  when  the  hair  in  the 
firft  obfervation  was  held  in  the  white  beam  of  the  fun’s  light,  and 
caft  a  fhadow  which  was  bordered  with  three  fringes  of  coloured 
light,  thofe  colours  arofe  not  from  any  new  modifications  im- 
preffed  upon  the  rays  of  light  by  the  hair,  but  only  from  the  va¬ 
rious  inflections  whereby  the  feveral  forts  of  rays  were  feparated 
from  one  another,  which  before  feparation,  by  the  mixture  of 
all  their  colours,  compofed  the  white  beam  of  the  fun’s  light  ; 
but  when  feparated,  compofed  lights  of  the  feveral  colours  which 
they  are  originally  difpofed  to  exhibit.* 

When  our  author  made  the  forgoing  experiments,  he  defigned 
to  repeat  moft  of  them  with  more  care  and  exaCtnefs,  and  to  make 


*  Newton’s  Opticks,  p.  31 1. 
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fome  new  ones,  to  determine  the  manner  in  which  the  rays  are 
bent  in  their  paflage  by  bodies,  for  making  the  fringes  of  co¬ 
lours  with  the  dark  lines  between  them,  but  he  was  then  inter¬ 
rupted,  and  never  purfued  the  fubjeCt  any  farther.  In  his  Op¬ 
tical  queries,  however,  we  find  a  few  relating  to  the  fubjeCt  of 
inflection,  which  I  fhall  recite  in  this  place  ;  obferving  that  the 
preceding  obfervations  feem  to  authorize  us  to  anfwer  them  all 
in  the  affirmative. 

1 .  Do  not  bodies  aCt  upon  light  at  a  diffance,  and  by  this  ac¬ 
tion  bend  its  rays  ;  and  is  not  this  aCtion  the  ffrongeft  at  the  leaff 
diffance  ? 

2.  Do  not  the  rays  which  differ  in  refrangibility  differ  alfo  in  in¬ 
flexibility,  and  are  they  not,  by  their  different  inflections,  fepa- 
rated  from  one  another,  fo  as  to  make  the  coloured  fringes  above 
mentioned ;  and  after  what  manner  are  they  infleCted  to  make 
thofe’  fringes  ? 

3 .  Are  not  the  rays  of  light,  in  paffing  by  the  edges  and  fides 
of  bodies,  bent  feveral  times  backwards  and  forwards,  with  a 
motion  like  that  of  an  eel ;  and  do  not  the  three  fringes  of  co¬ 
loured  light  above  mentioned  arife  from  three  fuch  bendings  ?  * 

4.  Do  not  the  rays  of  light  which  fall  upon  bodies,  and  which 
are  reflected  or  refraCted,  begin  to  bend  before  they  arrive  at  the 
bodies  ;  and  are  they  not  reflected,  refraCted,  and  infleCted  by  one 
and  the  fame  principle,  aCting  differently  in  different  circum- 
ftances  ? 
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SECTION  VIII. 

Miscellaneous  Articles. 


CHAPTER  I. 

Of  the  PHYSICAL  CAUSE  of  the  reflexion,  re¬ 
fraction,  AND  INFLECTION  OF  LIGHT. 

DESCARTES  feems  to  have  been  the  firft  perfon  who  at¬ 
tempted  to  inveftigate  the  phyflcal  caufe  of  the  reflexion 
and  refra&ion  of  light ;  but  both  he  and  his  opponents  went  up¬ 
on  the  fuppofltion  of  light  meeting  with  a  reflftance  at  its  en¬ 
trance  into  all  bodies  ;  and  they  differed  only  with  refpeCt  to  the 
proportional  quantity  of  reflftance  in  different  bodies.  It  never 
occurred  to  any  perfon  before  Sir  Ifaac  Newton,  that  reflexion 
and  refraction  may  be  caufed  by  powers  of  repul/ion  and  attraction , 
belonging  to  bodies,  and  extending  to  a  certain  diftance  beyond 
their  furfaces.  Upon  this  fuppofltion,  and  that  of  light  confift- 
ing  of  particles  emitted  from  luminous  bodies,  he  demonftrates, 
in  his  Principia ,  that  the  fine  of  the  angle  of  incidence  muft  al¬ 
ways  be  to  the  fine  of  the  angle  of  refraction  in  feme  certain  ra¬ 
tio.  For,  as  he  proves  geometrically,  if  two  fimilar  mediums 
be  feparated  from  each  other  by  a  fpace  terminated  on  both  fldes 
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by  parallel  planes,  and  a  body,  in  its  paflage  through  that  fpace, 
be  attracted  or  impelled  perpendicularly  towards  either  of  thofe 
mediums,  and  not  agitated  or  hindered  by  any  other  force ;  and 
if  the  attraction  be  every  where  the  fame,  at  equal  diflances  from 
either  plane,  taken  towards  the  fame  hand  of  the  plane,  the  fine 
of  incidence  upon  either  plane  will  be  to  the  line  of  emergence 
from  the  other  plane  in  a  given  ratio.* 

In  a  corollary  to  this  proportion,  he  alfo  fhews,  that  if,  inflead 
of  one  parallel  fpace,  bodies  be  furrounded  with  feveral,  or  an 
infinite  number  of  them,  the  attractive  power  of  each  of  which 
differs  from  the  next,  increafing  or  decreafing,  ftill,  the  ratio  re- 
fpeCting  any  two  contiguous  ones  being  given,  the  ratio  of  the 
extremes  will  be  given. 

He  alfo  demonftrates  that,  if  the  caufe  of  refraCtion  be  the 
attraction  of  the  refraCting  medium,  the  velocity  of  light  before 
its  incidence  will  be  to  its  velocity  afterwards,  as  the  fine  of  the 
angle  of  refraCtion  is  to  the  fine  of  the  angle  of  incidence  ;  fo 
that  light  in  paffing  from  a  rarer  medium  into  a  denfer,  receives 
an  increafe  of  velocity. 

The  fame  things  being  fuppofed,  he  fhews  that  if  the  velocity 
before  incidence  be  greater  than  afterwards,  fo  that  the  angle  of 
emergence  mull  always  increafe,  in  confequence  of  the  repulfive 
power  prevailing  over  the  attractive  one,  the  body  will  at  length 
be  reflected ;  and  that,  in  this  cafe,  the  angle  of  reflexion  rnufl 
neceflarily  be  equal  to  the  angle  of  incidence. 

That  light  does  not  confift  of  any  mode  of  aCtion  upon  a  fluid 
medium,  he  concludes  from  having  demonftrated  that  preflure 
cannot  be  propagated  through  a  fluid  in  rectilinear  directions. 


*  Newton’s  Principia,  by  Motte,  Vol.  t,  p.311. 
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unlefs  where  the  particles  of  the  fluid  lie  in  a  right  line,  but  muft 
diverge  into  the  unmoved  fpaces  ;  and  that  every  tremulous  body, 
in  an  elaftic  medium,  propagates  the  motion  of  the  pulfes  on  e- 
very  flde  ftraight  forwards.*  Admitting  this,  there  is  hardly  any 
other  hypothelis  that  will  agree  with  the  phenomena  of  light, 
but  that  of  particles  emitted  from  the  luminous  body,  affedted 
by  the  attractions  and  repulflons  of  other  bodies.  There  is  no 
other  hypothefls,  therefore,  but  that,  to  which  the  above  men¬ 
tioned  propofltions  are  applicable. 

Having  explained  the  fentiments  of  Sir  Ifaac  Newton  on  the 
fubjedt  of  reflexion,  refradtion,  and  inflection,  I  fhall  juft  take 
notice  of  fome  other  theories  that  have  been  advanced  fince  the 
publication  of  his.  Among  thefe,  that  of  M.  Leibnitz,  the 
great  rival  of  Newton  in  the  buftnefs  of  fluxions,  and  indeed 
the  only  foreigner  of  all  his  cotemporaries,  whofe  name  is  ever 
mentioned  in  comparifon  of  him,  deferves  the  firft  notice.  Be¬ 
ing  diflatisfied  with  the  theory  of  Defcartes,  he  adopted  the  o- 
pinion  of  M.  Fermat,  as  has  been  obferved  already;  maintain¬ 
ing  that  light  proceeds  from  one  point  to  another,  in  that  way 
which  is  the  eafieft  for  it.  But,  befides  what  was  obferved  be¬ 
fore,  Dr.  Smith  thews  that  his  hypothefls  only  agrees  to  the  cafe 
of  refradtion  at  a  plain  furface  ;  and  that,  had  he  proceeded  the 
leaft  ftep  farther  than  he  did,  and  endeavoured  to  accommodate 
his  principle  to  concave  and  convex  furfaces,  as  he  talked  of  do¬ 
ing  at  firft,  he  would  foon  have  perceived  the  infufficiency  of  it. 
Befides  it  is  not  eafy  to  underftand  what  this  author  means  by  eafy 
and  difficult,  applied  to  the  paflfage  of  rays  of  light ;  but,  be  they 
what  they  will,  they  muft  both  of  them  be  nothing  at  all  in  va- 

*  Newton’s  Principia,  by  Mct;e,  Vol.  2,  p.  163,  167. 
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cuo,  and  therefore  the  eafieft  way  for  a  ray  to  pafs  from  a  given 
point  in  any  refilling  medium  into  a  vacuum,  is  to  go  in  the  per¬ 
pendicular  to  the  refra&ing  furface,  as  being  the  ffiorteft  way, 
through  any  difficulty  or  refinance  wffiatever  ;  which,  being  quite 
over  at  the  refracting  furface,  it  may  then  take  any  other  courfe 
in  vacuo,  without  any  farther  difficulty  ;  and,  on  the  contrary, 
in  returning  back  from  the  vacuum  into  the  denfe  medium,  it 
muft  take  the  ffiorteft  courfe  through  the  fame  perpendicular,  as 
before.  Thus,  when  the  fun  ffiines  upon  the  atmofphere,  all  his 
rays  ffiould  be  refraCted  into  lines  tending  to  the  center  of  the 
earth,  as  being  the  ffiorteft  and  eafieft  way  through  the  atmof¬ 
phere,  and  then  we  ffiould  fee  the  fun  exadtly  over  our  heads,  in 
all  places  and  in  all  times.  But,  fays  he,  it  is  no  wonder  that 
ftrange  confequences  ffiould  follow  from  an  arbitrary  hypothefis.* 
Both  the  Bernoulli’s,  father  and  fon,  have  attempted  to 
explain  the  caufe  of  refraction  on  mechanical  principles,  the 
former  on  the  equilibrium  of  forces,  and  the  latter  on  the 
fame  principles,  with  the  fuppofition  of  etherial  vortices  ;  but 
neither  of  their  hypothefis  have  gained  credit  enough  to  make  it 
worth  my  while  to  explain  them.  M.  Ma'iran,  alfo,  attempted 
the  explanation  of  this  fubjeCt  upon  the  fuppofition  of  a  fubtle 
fluid,  filling  the  pores  of  all  bodies,  and  extending,  like  an  at¬ 
mofphere,  to  a  fmall  diftance  beyond  their  furfaces  ;  and  then  he 
fuppofes  that  the  refradtion  of  light  is  nothing  more  than  the 
neceflary  and  nechanical  effedl  of  the  incidence  of  a  fmall  body 
in  thofe  circumftances.  There  is  more,  he  fays,  of  the  refradl- 
ing  fluid  in  water  than  in  air,  lefs  in  water  than  in  glafs,  and  in 
general  lefs  in  a  denfe  medium  than  in  one  that  is  rarer.  § 

*  Smith’s  Opticks,  Remarks,  p.  70.  §  Saverien’s  Di&ionaire,  Vol.  2,  p.  371. 
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Dr.  Smith  obferves,  that  all  other  theories  for  explaining  the 
reflexion  and  refradtion  of  light,  except  Sir  Ifaac  Newton’s,  fup- 
pofe  that  it  llrikes  upon  bodies  and  is  refilled  by  them  ;  which 
has  never  been  proved  by  any  dedudtion  from  experience.  On 
the  contrary,  it  appears  by  various  confiderations,  and  might  be 
fhewn  by  Mr.  Molyneux  and  ProfefTor  Bradley’s  obfervations  on 
the  parallax  of  the  fixed  liars,  which  will  be  recited  hereafter, 
that  their  rays  are  not  at  all  impelled  by  the  rapid  motion  of  the 
earth’s  atmofphere,  nor  by  the  objedt  glafs  of  the  telefcope 
through  which  they  pafs.  And  by  Sir  Ifaac  Newton’s  theory  of 
refradtion,  which  is  grounded  upon  experience  only,  it  appears 
that  light  is  fo  far  from  being  refilled  and  retarded  by  refradtion 
into  any  denfe  medium,  that  it  is  fwifter  there  than  in  vacuo,  in 
the  ratio  of  the  fine  of  incidence  in  vacuo,  to  the  fine  of  refrac¬ 
tion  into  the  denfe  medium.* 

M.  De  Maupertuis,  after  examining  and  rejedting  the  rules 
which  feveral  other  philofophers  have  given  concerning  the  refrac¬ 
tion  of  light,  fuppofes  that  the  courfe  which  every  ray  takes,  in 
palling  from  one  medium  to  another,  is  that  which  requires  the 
leall  quantity  of  adtion,  which  depends  upon  the  velocity  of  the 
body  and  the  fpace  it  palfes  over  ;  fo  that  it  is  in  proportion  to 
the  fum  of  the  fpaces  multiplied  by  the  velocity  with  which  bo¬ 
dies  pafs  over  them.  From  this  principle  he  deduces  the  necef- 
fity  of  the  fine  of  the  angle  of  incidence  being  in  a  conllant  pro¬ 
portion  to  that  of  refradtion,  and  alfo  all  the  other  laws  relating 
to  the  propagation  and  reflexion  of  light. § 

*  Smith’s  Opticks,  Remarks,  p.  70.  §  Ac.  Par.  1743.  M.  p.  575. 
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CHAPTER  II. 


Methods  of  measuring  the  refractive  power  of  dif¬ 
ferent  SUBSTANCES. 


CONSIDERING  that  the  new  doCtrine  of  the  different 
refrangibility  of  the  rays  of  light  would  require  a  more 
accurate  meafure  of  the  proportion  between  the  angles  of  reflex- 
and  refraction  of  different  mediums,  our  author  contrived  fome 
practical  methods  to  afcertain  it,  both  with  refpeCt  to  fluid  and 
folid  fubftances,  of  which  he  gives  a  full  defcription  in  his  Opti¬ 
cal  ledlures ,  p.  51  ;  but  the  following  account  of  them  is  taken, 
very  nearly,  from  Dr.  Smith. 

The  firft  of  his  methods  was  to  fill  a  fmall  deep  veffel  with  the 
liquor  or  fubftance,  on  which  the  experiment  was  to  be  made. 
This  he  fattened  to  a  fquare  beam  of  wood,  of  a  confiderable 
length,  its  oppofite  tides  being  perfectly  plane  and  parallel ;  and 
a  quadrant  was  fixed  on  the  fide  oppofite  to  the  veffel ;  that  when 
the  ray  of  light  was  refraCted  through  this  veffel,  exaCtly  paral¬ 
lel  to  the  beam,  the  index  of  the  quadrant  might  fhew  the  angle 
in  which  it  was  inclined  j  which  being  compared  with  the  fun’s 
altitude,  would  fhew  the  angle  of  refraction  compared  to  that  of 
incidence.  A  fufficient  idea  of  this  method  may  be  conceived 
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by  the  infpedion  of  fig.  94,  in  which  CF  reprefents  the  vettel 
containing  the  refrading  fubttance,  HK  the  beam  to  which  it  is 
fattened,  and  k  r  the  plumb  of  the  quadrant.  FR  ttiews  the 
direction  of  the  refraded  ray,  from  a  fmall  hole  in  the  bottom  of 
the  vettel,  to  a  mark  at  the  end  of  the  beam,  at  exadly  the  fame 
dittance  from  the  fide  of  it. 

But  the  moft  accurate  method  of  determining  the  ratio  of  re- 
fradion  is  the  following,  by  means  of  a  prifm.  It  was  obferv- 
ed  before,  that  when  the  axis  of  the  prifm  is  held  perpendicular 
to  the  fun's  rays,  and  the  refradions  are  made  upwards,  by 
turning  the  prifm  flowly  about  its  axis,  the  refraded  light,  or  the 
fun’s  coloured  image  caft  upon  a  wall,  will  firtt  defcend  and  then 
attend,  during  the  fame  continued  rotation  of  the  prifm.  Be¬ 
tween  the  attent  and  dettent,  when  the  image  is  ftationary,  let 
the  prifm  be  ttopped,  and  remain  fixed  in  this  pofture,  and  then 
the  refradions  of  the  rays,  at  their  ingrefs  and  egrefs  on  each  fide 
of  the  prifm,  will  be  equal.  In  this  pofition  of  the  prifm,  the 
angle  of  refradion,  at  the  ingrefs  of  the  ray,  is  equal  to  half  the 
refrading  angle  of  the  prifm,  *  which  may  be  meafured  by  lay¬ 
ing  two  rulers  crofs  each  other,  upon  the  fide  of  a  fmooth  table, 
as  in  fig.  95,  for  then  two  lines  drawn  upon  the  table,  by  the 
fides  of  each  ruler,  will  give  the  refrading  angle,  which  may 
then  be  meafured  by  a  fedor. 

The  prifm  being  placed  in  the  manner  direded  above,  let  the 
altitudes  of  the  incident  and  emergent  rays  SD,  EP,  fig.  96,  be 

*  M.  Beguelin  obferves,  that  it  is  not  exadlly  true,  that  the  half  of  the  angle  of  depref- 
fion,  joined  to  the  refrading  angle  of  the  prifm,  gives  the  angle  of  refraction ;  for  that 
it  is  only  in  neglefting  the  thicknefs  of  the  prifm  that  this  will  be  the  cafe  ;  but  that 
this  thicknefs  may  be  neglected  at  confiderable  diftances.  Ac.  Berl  1762,  p.  69. 
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taken  with  the  quadrant,  and  the  angle  of  incidence,  SDL,  will 
be  equal  to  half  the  fum  of  thofe  altitudes. 

If  the  fun  be  more  elevated,  till  the  emergent  ray  EP  be¬ 
comes  parallel  to  the  horizon,  one  of  the  angles  above  mention¬ 
ed  will  vanifh  and  if  the  fun  be  ftill  higher,  the  emergent  ray 
will  tend  downwards,  in  which  cafe  half  the  difference  of  the 
altitudes  of  the  incident  and  emergent  rays  muft  be  added  to  half 
the  refracting  angle  of  the  prifm,  to  get  the  angle  of  inci¬ 
dence. 

Sir  Ifaac  Newton  has  given  us  the  following  example  of 
r  this  method.  *  In  a  glafs  prifm,  whofe  refracting  angle  was 
62  i  degrees,  the  half  of  it,  31  °.  15',  was  the  angle  of 
refraCtion  into  the  prifm,  the  fine  of  which  was  51 88,  the  ra¬ 
dius  being  10000.  When  the  axis  of  the  prifm  was  parallel  to 
the  horizon,  and  the  fun’s  image  upon  the  wall  was  at  its  limit 
of  regrefiion,  he  obferved  with  the  quadrant  the  angle  which  the 
mean  refrangible  rays  made  with  the  horizon  ;  and  by  adding  this 
angle  to  the  fun’s  altitude,  obferved  at  the  fame  time,  he  found 
the  angle  PIM,  made  by  the  incident  and  emergent  rays,  to  be 
440  40 '5  the  half  of  which,  22Q  20',  being  added  to  the  angle 
of  refraction,  310  15',  makes  the  angle  of  incidence  530  35', 
the  fine  of  which  is  8047  ;  and  the  ratio  of  thefe  fines  in  round 
numbers  is  20  to  31. 

The  excellency  of  this  method  appears  from  thefe  confidera- 
tions,  that  it  requires  no  other  inftruments,  but  a  quadrant  and 
a  prifm  j  that  the  refraction  of  the  ray  being  double,  an  error  in 
the  practice,  is  but  half  of  what  it  would  be  in  a  fingle  refraction  ; 
that  it  is  very  eafy  to  place  the  prifm  in  the  required  pofition,  and 


*  Opticks,  p.  71. 
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that  a  fmall  deviation  from  it  does  not  alter  the  place  of  the 
image,  or  the  fum  of  the  two  refractions,  as  is  evident  upon 
trial,  and  becaufe  this  fum  is  the  lead;  of  all  others.* 

If- a  prifmatick  veflel  be  made  of  wood,  and  two  oppolite  holes, 
for  the  light  to  pafs  through,  be  made  any  where  in  the  lides 
containing  the  refraCting  angle,  and  if  pieces  of  broken  looking- 
glafs  be  cemented  over  the  outfides  of  the  holes,  and  be  fet  ex¬ 
actly  to  a  right  angle  (as  being  the  eafieft  to  be  examined  by  a 
fquare)  and  the  veflel  be  filled  with  water,  and  the  like  experi¬ 
ment*  be  repeated  with  this  prifm  as  was  tried  before  with  that  of 
glafs,  the  refractive  power  of  water  will  be  found.  For  the  in¬ 
cident  and  emergent  rays  in  the  air  will  be  inclined  to  the  inter¬ 
mediate  rays  within  the  water  in  the  very  fame  angles,  as  they 
would  have  been  if  the  water  had  been  contiguous  to  the  air. 
Sir  Ifaac  Newton,  by  this  accurate  method,  found  the  ratio  of 
refraction  of  the  red  rays  out  of  air  into  water  to  be  4  to  3.$  It 
was  in  this  method  alfo  that  Mr.  Haukfbee  determined  the  re- 

-  1  * J  *  *  '  *■■■'» 

fraCtive  power  of  air,  as  was  mentioned  above. 

The  firfi  accurate  table  of  the  refractive  power  of  the  atmof- 
phere,  at  every  different  degree  of  altitude,  was  made  by  Sir  Ifaac 
Newton,  and  was  publifhed  by  Dr.  Halley.  It  may  be  feen  in 
Phil.  Tranf.  ab.  Vol.  6,  p.  160.  It  makes  the  horizontal  re¬ 
fraction  33'.  45",  that  of  1  degree  23'.  and  that  of  75  de¬ 

grees,  at  which  the  table  ends,  15".  In  the  tables  of  M.  De  la 
Hire,  the  firfi:  of  thefe  is  32k  20",  the  fecond  27.56,  and 
the  third 

\ 

*  Smith’s  Opticks,  Remarks,  p.  67.  §  lb.  p.  68.  f  Saverien’s  Di&ionaire, 

Vol,  2,  p.  372. 
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CHAPTER  III. 


Sir  Isaac  Newton’s  Improvements  in  TELESCOPES. 

T  ILL  the  time  of  Sir  Ifaac  Newton,  no  optician  had  ima¬ 
gined  that  the  objedt  glades  of  telefcopes  were  fubjedt  to 
any  error  except  what  arofe  from  their  fpherical  figure,  and  there¬ 
fore  they  had  directed  all  their  efforts  to  the  condrucdion  of  them 
with  other  kinds  of  curvature  ;  but  Newton  had  no  fooner  de-  . 
mondrated  the  different  refrangibility  of  the  rays  of  light,  than 
he  difcovered  in  this  circumdance  a  new  and  a  much  more  con- 
fiderable  caufe  of  error  in  telefcopes. 

Since,  therefore,  the  pencils  of  each  kind  of  light  have  their 
foci  in  different  places,  fome  nearer  and  fome  farther  from  the 

lens,  it  is  evident  that  the  whole  beam  cannot  be  brought  into 
any  one  point,  but  that  it  will  be  drawn  the  neared  to  a  point 
in  the  middle  place  between  the  focus  of  the  mod  and  of  the 
lead  refrangible  rays,  fo  that  the  focus  will  be  a  circular  fpace  of 
a  confiderable  diameter.  Thus  fig.  97,  reprefents  a  beam  of 
light  paffing  through  a  lens,  the  mod  refrangible  of  the  rays 
having  their  focus  at  F,  and  the  lead  refrangible  at  f  Now  it 
is  evident,  from  the  figure,  that  the  fmalled  fpace  into  which 
the  light  can  be  drawn  is  a  circle,  the  diameter *of  which  is  i  I, 
palling  through  G,  the  middle  point  between  F  and  f  Newton 
Ihews  that  this  fpace  is  about  the  55th  part  of  the  aperture  of 
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the  telefcope,  and  that  the  focus  of  the  mod  refrangible  rays  is 
nearer  to  the  object  glafs,  than  the  focus  of  the  leaft  refrangible 
ones,  by  about  the  274th  part  of  the  diftance  between  the  objedt 
glafs  and  the  focus  of  the  mean  refrangible  rays.*  But  he  fays 
that,  if  the  rays  flow  from  a  lucid  point,  as  far  from  the  lens  on 
one  fide  as  their  focus  is  on  the  other,  the  focus  of  the  moll  re¬ 
frangible  rays  will  be  nearer  to  the  lens  than  that  of  the  leaf!  re¬ 
frangible  ones,  by  more  than  the  14th  part  of  the  whole  diftance. § 
He  alfo  verifies  the  former  of  thefe  conclufions  by  an  accurate 
menfuration  of  the  diftance  of  the  focus  of  the  different  kinds  of 
light,  throwing  them  feparately  on  a  printed  book,  and  obferv- 
ing  at  what  diftances  the  letters  appeared  well  defined. 

From  all  thefe  obfervations  he  concludes,  that,  if  all  the  rays 
of  light  were  equally  refrangible,  the  error  in  telefcopes,  arifing 
from  thefpherical  figure  of  the  glafs,  would  bemany  hundred  times 
lefs  than  it  now  is  ;  for  that  the  error  arifing  from  the  fpherical 
figure  of  the  glafs,  is  to  the  error -arifing  from  the  different  re- 
firangibility  of  the  rays  uf  light  as  l  to  3449  j  and  Upon  the 
whole  he  obferves,  that  it  is  a  wonder  that  telefcopes  reprefent 
objedts  fo  diftindtly  as  they  do.  The  reafons  which  he  gives  why 
this  indiftindtnefs  of  vifion  is  not  fo  fenfible  in  them  are  curious, 
and  well  worth  reciting.  It  is,  fays  he,-f*  becaufe  the  difperfed 
rays  are  not  fcattered  uniformly  over  all  the  circular  fpace  men¬ 
tioned  above,  but  are  infinitely  more  denfe  in  the  center  than  in 
any  other  part  of  the  circle ;  and  that,  in  the  way  from  the  cen¬ 
ter  to  the  circumference,  they  grow  continually  rarer  and  rarer, 
and  at  their  circumference  are  infinitely  rare  ;  fo  that  thefe  dif- 


f  Newton’s  Opticks,  p.  73.  $  lb.  p,  S3.  f  lb.  p.  85. 
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perfed  rays  are  not  copious  enough  to  be  viiible,  except  in  the 
center  of  the  circle,  or  very  near  it. 

He  alfo  obferves  that  the  mod:  luminous  of  the  prifmatick  co¬ 
lours  are  the  yellow  and  the  orange.  Thefe,  fays  he,  affeCfc  the 
fenfes  more  ftrongly  than  all  the  reft  put  together,  and  next  to 
thefe  in  ftrength  are  the  red  and  the  green.  The  blue,  com¬ 
pared  to  thefe,  is  a  faint  and  dark  colour,  and  the  indigo  and 
violet  are  much  darker  and  fainter ;  fo  that  thefe,  compared  with 
the  ftronger  colours,  are  little  to  be  regarded.  The  images  of 
objects  are,  therefore,  to  be  placed  not  in  the  focus  of  the  mean 
refrangible  rays,  which  are  in  the  confine  of  green  and  blue,  but 
in  the  focus  of  thofe  rays  which  are  the  middle  of  the  orange  and 
yellow,  where  the  colour  is  the  moft  luminous,  that  is,  in  the 
brighteft  yellow,  which  inclines  more  to  orange  than  to  green. 
By  the  refraction  of  thefe  rays,  whofe  fines  of  incidence  and  re- 
fraction  in  glafs  are  as  17  and  11,  the  refraction  of  glafs  for  op¬ 
tical  ufes  is  to  be  meafured.  h 

If,  therefore,  the  image  of  an  objeCt  be  placed  in  the  focus  of 
thefe  rays,  all  the  yellow  and  orange  will  fall  within  a  circle, 
whofe  diameter  is  about  the  250th  part  of  the  diameter  of  the 
aperture  of  the  glafs,  and  the  light  of  all  the  colours  that  fall 
without  this  circle  will  be  fo  much  rarer  than  that  within  it,  as 
hardly  to  afleCt  the  eye.  It  may  therefore  be  concluded,  that 
the  fenfible  image  of  a  lucid  point  is  hardly  broader  than  a  circle 
whofe  diameter  is  the  250th  part  of  the  aperture  of  the  objeCt 
glafs  of  a  good  telefcope  fo  that,  if  the  aperture  be  4  inches, 

[  and  the  length  of  it  a  100  feet,  it  will  not  exceed  2,f.  or 

3^  >  and  in  a  telefcope  whofe  aperture  is  2  inches,  and  the  length 
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20  or  30  feet,  it  may  be  about  5;/  or  6fr ;  and  this,  he  fays, 
anfwers  well  to  experience.  * 

Upon  the  whole  he  concludes,  that,  in  an  100  foot  telefcope, 
with  an  aperture  of  4  inches,  the  greatefl  errors  ariling  from  the 
fpherical  figure  in  the  glafs  would  be  to  the  greatefl  fenfible  er¬ 
rors  arifing  from  the  different  refrangibility  of  the  rays  only  as  1  to 
1 200 ;  which,  however,  fufficiently  thews,  that  it  is  not  the 
fpherical  figure  of  the  glaffes,  but  the  different  refrangibility  of 
the  rays  of  light,  which  hinders  the  perfection  of  telefcopes.  4* 

He  alfo  mentions  another  argument  to  prove  that  the  different 
refrangibility  of  the  rays  of  light  is  the  true  caufe  of  the  imperfec¬ 
tion  of  telefcopes.  For  the  difperfions  of  the  rays  arifing  from  the 
fpherical  figures  of  objeCt  glaffes  are  as  the  cubes  of  their  aper- 

•k-  *  »• 

tures ,  and  therefore,  to  make  telefcopes  of  various  lengths  mag¬ 
nify  with  equal  diftinCtnefs,  the  apertures  of  the  objeCt  glaffes 
ind  the  charges,  or  magnifying  powers,  ought  to  be  as  the  cubes 
of  the  fquare  roots  of  their  lengths,  which  doth  not  anfwer  to 
experience.  But  the  errors  of  the  rays  arifing  from  the  different 
refrangibility  are  as  the  apertures  of  the  objeCt  glaffes,  and  thence 
to  make  telefcopes  of  various  lengths  magnify  with  equal  dif¬ 
tinCtnefs,  their  apertures  and  charges  ought  to  be  as  the  fquare 
mots  of  their  lengths  y  and  this  anfwers  to  experience,  as  is  well 
■mown.  For  inftance,  a  telefcope  of  64  feet  in  length,  with  an 
Aperture  of  24  inches,  magnifies  about  1 20  times,  with  as  much 
diftinCtnefs  as  one  of  a  foot  in  length,  with  4  of  an  inch  aper¬ 
ture,  magnifies  1 5  times. 

Now,  were  it  not  for  this  different  refrangibility  of  the  rays,  te- 
>efcopes  might  be  brought  to  a  greater  perfection  than  we  have 

*  ■  <*  m  m  * 

*  Newton’s  Opticks,  p.  85.  f  lb.  p.  89. 
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yet  defcribed,  by  compofing  the  object  glafs  of  two  gladfes  with 
water  between  them.  For  by  this  means  the  refraClions  on  the 
concave  fides  of  the  glades  will  very  much  correct  the  errors  of 
the  refractions  on  the  convex  fides,  fo  far  as  they  arife  from  their 
fpherical  figure.  By  this  means,  he  fays,  that  telefcopes  might 
be  brought  to  fufficient  perfection,  were  it  not  for  the  different 
refrangibility  of  different  kinds  of  rays ;  but  on  this  account 
he  did  not  fee  any  other  means  of  improving  telefcopes  by  re¬ 
fraction  only,  except  by  increafing  their  length.  He  therefore 
greatly  commends  the  contrivance  of  M.  Huygens,  whereby 
objeCt  glades  of  a  great  focal  length  were  ufed  without  any  tube, 
by  being  faflened  upon  a  flrong  upright  pole,  as  has  been  de¬ 
fcribed  before.  * 

Defpairing,  therefore,  of  carrying  telefcopes  to  any  great  degree 
of  perfection  by  means  of  refraCted  light,  this  great  man  had  re- 
courfe  to  redexion ;  and  knowing,  by  the  experience  of  Gregory 
and  others,  the  infuperable  difficulty  that  attended  the  conftruc- 
tion  of  mirrors  in  the  form  of  the  conic  feCtions,  he  kept  to  the 
eafier  form  of  the  fphere,  and  actually  conftruCted  a  telefcope 
with  a  metallic  fpeculum,  which  magnified  30  or  40  times.  But 
not  attaining  to  that  diflinCtnefs  of  vifion  which  he  wifhed  for, 
on  account  of  his-not  being  able  to  give  his  metallic  fpeculum  a 
fufficient  polifh,  he  recommends  the  ufe  of  glades  ground  con¬ 
cave  on  one  fide,  and  convex  on  the  other,  fo  as  to  be  every 
where  of  an  equal  thicknefs,  and  quick-filvered  on  the  convex 
fide.  This  glafs,  reprefented  by  abed,  fig.  98,  he  propofed  to  fix 
at  the  bottom  of  the  tube  vxyz  made  very  black  within,  efg  repre- 

.  *  Newton’s  Of  ticks,  p.  89.- 
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tents  a  prifm  of  glafs,  or  cryftal,*  placed  near  the  other  end  of 
the  tube,  in  the  middle  of  it,  and  fo  that  the  rays  of  light  reflect¬ 
ed  from  the  fpeculum  may  be  reflected  at  its  bafe„  and  converge 
to  t ,  the  common  focus  of  the  fpeculum,  and  of  a  piano  convex 
eye  glafs,  h ,  through  which  thofe  rays  mull  pafs  to  the  eye.  He 
alfo  advifes  that  the  rays,  at  their  coming  out  of  the  glafs,  fhould 
pafs  through  a  round  fmall  hole  made  in  a  plate  of  metal,  no  big¬ 
ger  than  is  neceflary  for  light  enough  to  pafs  through,  in  order 
to  intercept  the  difperfed  light,  which  comes  from  the  extremi¬ 
ties  of  the  fpeculum,  and  thereby  render  the  image  more  diftindt. 
Such  an  inftrument  well  made,  if  it  be  fix  feet  long,  reckoning 
from  the  fpeculum  to  the  prifm,  and  thence  to  the  focus  /,  will 
bear  an  aperture  of  fix  inches  at  the  fpeculum,  and  magnify  be¬ 
tween  2  and  300  times.  It  will  be  convenient,  he  fays,  that  the 
fpeculum  be  at  leaft  an  inch  or  two  broader  than  the  aperture, 
and  that  the  glafs  be  fo  thick,  as  not  to  bend  in  the  working. 
The  prifm  fhould  be  no  bigger  than  neceflary,  and  the  back  flde 
not  quick  -filvered  over  ;  fince  it  may  be  fo  placed,  as  that,  with¬ 
out  quick-filver,  it  will  refledt  all  the  light  that  falls  upon  it  from 
the  fpeculum. 

In  this  inftrument,  he  fays,  the  object  will  appear  inverted, 
but  it  may  be  made  eredt,  by  making  the  fides  of  the  prifm  not 
plane,  but  fpherically  convex,  that  the  rays  may  crofs  one  ano¬ 
ther  both  before  they  come  to  it,  and  afterwards,  between  it  and 
the  eye  glafs.  If  it  be  defired  that  the  inftrument  fhould  bear 

'  -  . '  *  •  v  .  . _  ;  -  -  -i 

*  Sir  Ifaac  Newton  did  not  Teem  to  be  aware  that  all  kinds  of  cryllal  have  a  double 
refraction,  and  therefore  that  no  cryllal  ccjuld  anfwer  this  purptfe. 
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a  larger  aperture,  it  may  be  done,  he  fays,  by  making  the  fpe- 
culum  of  two  glalfes,  with  water  between  them.  * 

Our  author  concludes  this  defcription  of  his  telefcope  with  the 
following  general  obfervations  on  the  fubjeft.  If  the  theory  of 
making  telefcopes  could  be  perfected,  and  fully  reduced  to  prac¬ 
tice,  yet  there  would  be  certain  bounds  beyond  which  telefcopes 
could  not  be  of  any  ufe.  For  the  air,  through  which  we  look 
upon  the  liars,  is  in  a  perpetual  tremor,  as  may  be  feen  by  the 
tremulous  motion  of  the  lhadows  of  high  towers,  and  by  the 
twinkling  of  the  fixed  liars.  Thefe  liars  do  not  twinkle  when 
viewed  through  telefcopes,  which  have  large  apertures  ;  for  the 
rays  of  light  which  pafs  through  different  parts  of  the  aperture 
tremble  feparately,  and  by  this  means  fall  at  the  fame  time  up¬ 
on  different  points  in  the  bottom  of  the  eye,  and  their  tremblings 
are  too  quick  and  confufed  to  be  perceived  feparately;  and  all 
thefe  illuminated  points  conflitute  one  broad  lucid  point,  and 
thereby  caufe  the  liar  to  appear  broader  than  it  is,  without  any 
trembling  of  the  whole.  Long  telefcopes  may  caufe  objects  to 
appear  brighter  and  larger  than  Ihort  ones  can  do,  but  they  can¬ 
not  be  fo  formed  as  to  take  away  all  that  confulion  of  the  rays 
which  arifes  from  the  tremors  of  the  atmofphere.  The  only  re- 


*  It  has  been  found,  by  the  experience  of  the  beft  makers  of  refledting  telefcopes,  thato 
it  is  eafy  to  make  them  fo  near  to  the  form  of  the  conic  fedtions,  as  to  make  them  far 
more  perftdt  than  could  poflibly  be  done  by  any  fuch  fcheme  as  this  of  Sir  Ifaac  New¬ 
ton’s.  Many  errors  would  arife  from  the  glafs,  greater  than  thofe  depending  upon  its 
fpherical  figure,  particularly  a  confiderable  one  from  the  bending  of  the  glafs  by  its  own 
weight,  befides  thofe  which  could  not  but  flow  from  inequalities  in  its  texture,  and 
which  muft  difturb  its  refradtion.  Befides,  feveral  experiments  have  been  made  by  Mr. 
Short,  which  Ihew,  that  no  refledling  telefcopes  made  with  glafs  are  comparable  to  thef* 
that  are  made  with  metal.  The  quantity  of  light  refle&ed  from  them  is  confiderably  lcfs. 

medy 
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■medy  is  a  mod;  ferene  and  quiet  air,  fuch  as  may,  perhaps,  be 
found  on  the  tops  of  the'  higheft  mountains,  above  the  groffer 
clouds.* 

A  telefcope  of  Newton’s,  which  he  had  fent  to  the  Royal  So¬ 
ciety,  was  examined  in  the  prefence  of  the  king,  Dr.  Hooke, 
and  many  other  perfons,  at  Whitehall,  January  nth,  1672  ; 
and  they  had  fo  good  an  opinion  of  it,  that  they  thought  pro¬ 
per  that  a  defcription  of  it  fhould  be  fent,  by  the  Secretary  of 
the  Royal  Society  to  M.  Huygens,  who  was  then  at  Paris ;  and 
Newton  himfelf  fent  a  drawing  and  a  defcription  of  it  for  that 
purpofe.  A  letter  which  he  wrote  to  the  Secretary  upon  that  oc- 
eafion,  maybe  feen  in  Birch’s  Hiftory,  Vol.  3,  p,  2.  At  that 
time  his  election  into  the  fociety  was  depending;  and  he  con¬ 
cludes  his  letter  with  faying  that,  “  if  he  fhould  be  elected,  he 
“  would  endeavour  to  teftify  his  gratitude,  by  communicating 
“  what  his  poor  and  folitary  endeavours  could  effedt  towards  pro- 
“  moting  their  philofophical  defign.”  Such  was  the  modefty  of 
the  man  who  was  the  glory  of  the  fociety,  of  the  nation,  and  of 
the  world.  In  January  18,  his  telefcope  was  examined  before 
the  Royal  Society,  and  applauded,  ■f- 

When  Newton  had  publifhed  an  account  of  his  telefcopes  in 
the  philofophical  tranfadtions,  M.  CalTegrain,  a  Frenchman,  in 
the  Journal  des  Scavans  of  the  fame  year  1672,  claimed  the  ho¬ 
nour  of  a  fimilar  invention,  and  faid  that,  before  he  heard  of 
Newton’s  improvement,  he  had  hit  upon  a  better  conftrudtion, 
by  uling  a  fmall  convex  mirror  inftead  of  the  refledting  prifm. 
This  telefcope  was  not  much  unlike  that  of  Gregory,  the  large 
mirror  being  perforated  ;  and  Montucla  obferves  that,  to  coniider 


*  Newton’s  Opticks,  p.  98.  +  Birch’s  Hiftory,  Vol.  3,  p.  4. 
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the  thing  in  theory,  M.  CafTegrain’s  telefcope  feems  to  have  many 
advantages  ;  for  that,  befide  being  much  ihorter,  the  convex 
mirror,  by  difperfing  the  rays,  muft  greatly  enlarge  the  image 
made  by  the  large  concave  mirror.  Newton  made  many  ob¬ 
jections  to  M.  Caflegrain’s  conftruCtion  ;  but  feveral  of  them  e- 
qually  affeCt  that  of  Gregory,  which  has  neverthelefs,  been  found 
to  anfwer  remarkably  well,  in  the  hands  of  good  artifts.*  Dr. 
Smith  took  the  pains  to  make  many  calculations  of  the  magnify¬ 
ing  power  both  of  Newton’s  and  Caffegrain’s  telefcopes,  in  order 
to  their  farther  improvement,  which  may  be  feen  in  Smith’s  Op- 
ticks,  Remarks,  p.  97.  Mr.  Short,  I  am  informed,  made  fe¬ 
veral  telefcopes  on  the  plan  of  M.  Caflegrain,  but  though  their 
magnifying  power  might  be  made  very  coniiderable,  in  propor¬ 
tion  to  their  length,  it  was  not  eafy  to  make  the  image  fufficient- 
ly  diftindt,  for  want  of  light. 

It  is  fomething  remarkable  that,  notwithftanding  the  promiling 
appearance  of  Newton's  theory  of  telefcopes,  thirty  years  ihould 
have  elapfed,  in  that  philofophical  and  bufy  age,  before  any  ufe 
was  made  of  it ;  for  the  firft  telefcope  of  this  kind,  of  any  confi- 
derable  length,  was  made  by  Mr.  Hadley  in  17x8,  of  which  an 
account  will  be  given  hereafter. 

*  Montucla’s  Hiitoire,  Vol.  2,  p.  647. 
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CHAPTER  IV. 

Of  the  opposition  which  Newton's  doctrine  con¬ 
cerning  LIGHT  MET  WITH. 


CONSIDERING  how  decifive  were  the  very  firft  proofs 
that  Sir  Ifaac  Newton  produced  in  fupport  of  his  hypo¬ 
thecs,  concerning  the  different  refrangibility  of  the  rays  of  light, 
and  the  invariable  colour  of  the  differently  refrangible  rays, 
(though  all  the  experiments  I  have  recited  were  not  publifhed  to 
the  world  till  fometime  after,  and  he  had  not  then  acquired  that 
diftinguifhed  reputation  which  he  afterwards  gained  by  the  pub¬ 
lication  of  his  Principia)  it  is  not  eafy  to  account  for  the  violent 
oppofition  which  his  theory  met  with,  and  the  vexatious  difputes 
which  it  occafioned  among  philofophers,  efpecially  as  thefe  dis¬ 
coveries  were  a  real  addition  to  what  was  known  before  concern¬ 
ing  the  fubjedt,  and  were  not  merely  the  overturning  of  preced¬ 
ing  hypothefes.  Indeed,  as  I  have  obferved  before,  there  was 
not  then  any  hypothefis  about  the  matter  that  could  be  faid  to  be 
tjlablijhed ,  or  that  was  held  in  any  degree  of  repute  among  phi¬ 
lofophers.  Befides,  the  chief  oppofers  of  Newton  were  not  per- 
fons  who  had  advanced  any  hypothefis  of  their  own,  to  which 
they  could  be  fuppofed  to  be  attached.  But  fuch  is  the  nature 
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of  man,  that  as  foon  as  any  perfon  arifes  to  any  degree  of  emi¬ 
nence,  the  emulation  of  others  is  offended  at  feeing  the  rank  in 
the  efteem  of  mankind,  to  which  themfelves  are  pufhing,  occu¬ 
pied  by  another,  and  one  avenue  more  to  diftindtion  and  fame 
fhut  up.  Not  being  able,  therefore,  to  rife  into  reputation  by 
any  opinions  or  difcoveries  of  their  own,  they  hope  to  make  them¬ 
felves  noticed  by  their  oppofition  to  thofe  of  others.  Our  phi- 

•  *  J 

lofopher  was  fo  chagrined  by  thofe  difputes,  into  which  he  en¬ 
tered ‘with  fome  degree  of  fpirit  at  firft,  that,  dreading  to  involve 
himfelf  in  more  altercation,  he  could  not  be  prevailed  upon  to 
publifh  his  treatife  on  Opticks,  which  he  had  promifed  to  the 
world,  till  the  year  1704  ;  and  that,  contrary  to  his  ufual  cuf- 
tom,  in  Englifh  only  (which  was  a  language  veiy  little  known 
abroad  in  thofe  times)  and  with  an  earned:  requeff  that  no  perfon 
would  tranflate  it  without  his  leave  ;  and  yet  the  principal  of  his 
difcoveries  concerning  light  and  colours  were  communicated  to 
the  Royal  Society  in*  1675,  and  were  publifhed  in  the  Philofo- 
phical  Tranfadtions.  Thefe,  and  other  inftances  of  unexpected 
and  unmerited  oppofition,  contributed  to  make  our  author  more 
referved,  and  more  uncommunicative  to  the  end  of  his  life. 

The  moft  induftrious  of  all  mankind  in  philofophical  purfuits, 
at  the  time  that  Nev/ton  made  his  firft  communications  upon 
this  fubjedt,  was  Dr.  Hooke.  He  could  bear  no  rival  in  any 
thing  that  he  himfelf  pretended  to  ;  and,  unfortunately,  the  bu- 
finefs  of  light  and  colours  had  been  one  of  his  favourite  objects  ; 
and,  in  feveral  refpedts,  we  have  feen  that  this  branch  of  lcience 
Hands  indebted  to  him.  It  will  not  be  wondered  therefore,  that 
he  took  umbrage  at  the  riling  reputation  of  a  new  philolopher. 
He  inflantly  and  ftrenuoufly  oppofed  the  new  ideas  of  Newton,. 
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and  obftinately  maintained  an  hypothecs  of  light,  which  he  had 
modified  from  Defcartes,  founded  upon  the  notion  that  colours 
confifl:  of  vibrations  in  an  etherial  medium .  In  feveral  particu¬ 
lars  he,  moreover,  charges  Newton  with  plagiarifm  with  refpe&to 
himfelf,  to  which  our  author  modeftly  replies,  by  ftating  Dr. 
Hooke’s  opinion  and  his  own,  and  acknowledging  that  he  had 
made  ufe  of  fome  of  his  obfervations,  particularly  that  of  the  in^ 
flexion  of  the  rays  of  light,  for  which,  he  fays,  he  quoted  him, 
that  of  opacity  arifing  from  the  interftices  of  the  parts  of  bodies, 
and  that  of  plated  bodies  exhibiting  colours,  a  phenomenon  for 
the  notice  of  which  he  thanks  him,  but,  fays  our  author,  “  he 
“  left  me  to  find  out,  and  make  fuch  experiments  about  it  a&. 

might  inform  me  of  the  manner  of  the  production  of  thofe 
“  colours,  to  ground  an  hypothefis  upon  ;  he  having  given  no 
“  farther  infight  into  it  than  this,  that  the  colour  depended  on 
“  fome  certain  thicknefs  of  the  plate,  though  what  that  thick- 
“  nefs  was,  at  every  colour,  he  confefles  in  his  Micrography ,  he 
“  had  attempted  in  vain  to  learn,  and  therefore,  fince  I  was  left 
“  to  meafure  it  myfelf,  I  fuppofe  he  will  allow  me  to  make  ufe  of 
“  what  I  took  the  pains  to  find  out.  This  I  hope  may  vindicate 
“  me  from  what  Dr.  Hooke  has  been  pleafed  to  charge  me 
((  with.”  * 

Of  foreigners,  the  firlt  who  made  any  public  objection  to 
Newton’s  philofophy  concerning  light  and  colours  was  Father 
Pardies,  but  he  was  foon  convinced  of  his  miftake,  and  was  fo 
ingenuous  as  to  acknowledge  it  j  but  no  perfon  diftinguifhed 
himfelf  fo  much  by  his  oppolition  to  Newton  as  the  ingenious 
M..Marriotte,  who  could  not  fucceed  in  making  the  experiments. 

\  ,  „  ..."  ,  •  *. 

i  :  *  Birch’s  Hillory,  Vol.  3,  p.  279. 
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And  as  M.  Leibnitz,  who  was  the  editor  of  the  ABa  Erudito - 
rum  at  that  time,  in  the  volume  for  the  year  171  3,  p.  447,  re¬ 
queued  that  Newton  himfelf  would  remove  M.  Marriottes diffi¬ 
culty,  for  the  benefit  of  others,  he  himfelf  being  at  that  time 
dead.  Sir  Ifaac  defired  Dr.  Defaguliers  to  try  the  experiments  in 
which  M.  Marriotte  had  failed,  and  he  did  it  accordingly  with 
perfed  fuccefs,  before  many  members  of  the  Royal  Society,  > 
and  alfo,  afterwards,  in  the  pre fence  of  M.  Monmort,  and  fe-  - 
veral  gentlemen  of  the  Royal  Academy  of  fciences.  * 

Sometime  after,  Rizetti,  an  Italian,  pretending  to  refute  New¬ 
ton’s  theory,  by  experiments,  our  philofopher  was  ably  de¬ 
fended  by  M.  Richter.  This  controverfy,  however,  was  the  oc- 
cafion  of  Dr.  Defaguliers  repeating  his  experiments,  with  fome 
new  ones,  leadingto  the  fame  conclufions,  in  1728  ;  after  which 
no  perfon,  who  chofe  to  give  his  name  to  the  public,  or  whofe 
name  is  worth  recording,  made  any  more  oppofition  to  it ;  fo 
that,  at  prefent,  no  hypothecs  in  philofophy  Hands  upon  furer 
ground,  or  is  more  generally  acquiefced  in,  than  that  of  the  dif¬ 
ferent  refrangibility  of  the  rays  of  light. -f* 

As  fome  of  the  obfervations  and  experiments  which  Dr.  De¬ 
faguliers  made  upon  this  latter  occafion,  will  tend  to  throw 
light  upon  the  fubjed,  I  ffiall  clofe  this  fedion  with  the 
recital  of  a  few  of  them.  Let  us,  fays  he,  fuppofe  a  prifm, 
ACB,  fig.  99,  to  have  the  attrading  power  of  its  inferior  fur- 
face  extend  as  far  as  the  line  mm  ;  if  another  prifm,  GDE  (the 
attrading  force  of  whofe  upper  furface  extends  as  far  as  nri )  be 
brought  very  near  to  the  firfl  prifm,  where  the  attrading  powers 
of  the  prifms  interfere,  they  will  deftroy  one  another,  becaufe  1 

*  Phil.  Tranf.  ab.  Yol.  4,  p.  173.  f  Montucla,.  Vol.  2,  p.  621. 
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they  aCt  in  contrary  directions,  and  thereby  the  limits  of  attract 
tion  of  each  of  the  furfaces  will  be  contracted,  the  power  of 
AB  extending  no  farther  than  nn  and  that  of  DF  no  farther  than 
mm  whilft  the  fpace  rin>  mm  lofes  all  the  force  that  it  had,  and 
would  have,  upon  the  removal  of  either  prifm,  to  turn  a  ray  of 
light  moving  obliquely  out  of  its  direction. 

Now  in  this  fituation  of  the  prifms,  a  ray  of  light  entering 
the  furface  CB  at  right  angles,  will  go  through  the  fecond  prifm 
alfo  at  right  angles,  not  exactly  in  the  fame  line,  but  in  a  line 
parallel  to  the  direction  of  the  incident  ray.  For  example,  let 
the  ray  R  a ,  not  refraCted  at,  becaufe  perpendicular  to  the  fur- 
face  CB,  emerge  from  the  firft  prifm  at  a ,  in  the  direction  a  r, 
its  changed  direction  at  a  will  become  a  a,  and  at  b ,  b  b,  or  ra¬ 
ther  the  ray  will  be  indexed  in  the  curve  a  b ;  and  at  b  getting 

9 

out  of  the  power  of  the  attraction  of  the  furface  AB,  it  will, 
for  the  reafons  before  given,  move  in  a  ftrait  line,  from  b  to  c, 
where  it  will  be  bent  again  the  contrary  way,  in  the  curve  c  d, 
of  the  fame  kind  as  a  b,  and  laftly,  emerge  in  the  direction  d  d, 
parallel  to  the  firft  direction  R  r.  From  hence  it  follows,  that 
when  the  prifms  are  brought  fo  near  as  to  touch,  their  mutual 
attractions  deftroying  each  other ;  the  rays  of  light  will  not  be 
bent,  but  pafs  through  the  two  prifms  (which,  in  this  cafe,  per¬ 
forms  the  part  of  a  parallelopiped)  in  the  fame  direction  with  which 
they  came  into  the  firft  prifm,  and  confequently  produce  no  co¬ 
lours,  contrary  to  what  was  affirmed  by  Rizzetti ;  and  when  the 
rays  R  a  fall  obliquely  upon  the  furface  CB,  the  effeCt  of  their 
refraCtion  at  their  immerfion  at  S,  to  produce  colours,  is  taken 
off  by  the  refraCtion  which  they  fuffer  at  their  emerfion  at  Z. 
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If  the  ray  of  light  R  &b+c  d  d,  changing  its  direction,  in  the 
manner  above  mentioned,  makes  an  angle  of  about  45  degrees 
with  the  perpendicular  P  a ,  upon  the  removal  of  the  lower 
prifm,  the  ray  will  be  turned  up  again,  as  in  fig.  100 ;  but  if  the 
angle  P  a  R  be  greater,  the  ray  will  Rill  be  turned  up  again  in  a 
curve,  as  ab  c  d  e  f(  fig  101)  notwithRanding  the  lower  prifin  is 
at  DFG ;  but  if  that  prifm  be  brought  up  clofer  to  the  furface 
AB,  the  curves  will  be  defiroyed  where  the  prifms  touch,  and 
all  the  rays  in  the  place  of  contact  will  be  brought  down 
through  the  lower  prifm. 

The  moil  refrangible  rays  confiR  of  finaller  particles  than  the 
leaR  refrangible  rays,  and  therefore  muR  have  the  leaR  momen¬ 
tum,  the  velocity  of  all  the  rays  being  the  fame,  and  confe- 
quently  are  more  eafily  turned  out  of  the  way  by  attraction  or 
repulfion,  which  makes  the  curves  made  by  the  purple  and  violet 
rays  under  the  furface  AB  to  be  lefs,  and  nearer  the  faid  furface 
than  the  curves  made  by  the  red  and  orange  rays.  Suppofe  a  vio¬ 
let  Rtf,  fig.  1 01,  moving  in  the  direction  P^r,  to  be  fobent  under  the 
furface  AB,  that,  at  the  vertex  of  the  curve,  or  where  its  tangent 
c  c  is  parallel  to  AB,  there  Rill  remains  a  fmall  fpace  between  the 
curve  and  the  line  n  n ,  where  the  limits  of  attraction  (contracted 
by  the  proximity  of  the  undermoR  prifm  DFG)  ends,  that  ray  will 
be  turned  up  again  in  the  curve  d  e  f  and  fo  reflected  in  the  line 
f  f,  the  directions  having  been  fucceflively  changed,  as  in  fig, 
100  but  a  red  ray,  with  the  fame  inclination,  would  pafs  on  into 

the  lower  prifm,  as  was  explained  in  fig.  99  ;  becaufe  the  mo- 

/ 

mentum  of  the  red  ray  being  greater  than  that  of  the  violet,  the 
fame  degree  of  attraction  could  not  give  it  the  fame  flexure. 
This  is  confirmed  by  experiments,  for  when  the  lower  prifin  is 
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not  prefled  hard  againft  the  upper  the  rays  brought 

down  to  R  make  a  fpot,  of  a  colour  made  up  chiefly  of  red  and 
orange  rays ;  but  when  the  prifms  are  prefled  clofer,  the  fpot 
grows  bigger,  and  perfectly  white  in  its  middle,  becaufe  all  forts 
of  rays  are  brought  down  to  the  fpot  but  it  is  enclofed  round 
with  a  reddifh  border,  occafioned  by  the  parts  of  the  prifm 
which  are  very  near,  but  not  in  contact,  or  at  leaft  not  near  e- 
nough  to  bring  down  the  green,  blue,  purple,  and  violet  rays. 
This  ihews  that  the  reflexion  is  not  made  from  the  interior  folid 
parts  of  the  glafs,  nor  from  the  parts  in  the  furface,  as  Rizzetti 
affirms.  But  this  is  made  more  evident  by  another  experiment. 

A  candle  being  in  the  polition  K,  fig.  102,  the  eye  at  E,  and 
the  prifm  at  ABC,  a  ftrong  image  of  the  candle  was  feen  at^C ; 
but  lifting  up  a  veflel  of  water  VSSV,  till  the  furface  of  the  wa¬ 
ter  VV  touched  AB,  the  lower  furface  of  the  prifm,  the  image 
of  the  candle  became  almoft  infenfible,  as  the  eye  loft  all  thofe 
rays  which  now  were  attracted  into  the  water.  And  for  a  far¬ 
ther  proof  that  the  reflection  is  made  under  the  furface,  and  not 
in  it ;  when  the  prifm  was  taken  out  of  the  water,  being  wet  at 
its  lower  furface,  or  having  a  coating  of  water,  whofe  furface 
was  VV,  under  AB,  the  image  of  the  candle  did  again  become 
vivid,  the  rays  being  turned  up  again  under  VV.  Indeed  the 
image  in  this  cafe,  though  ftrong,  did  not  appear  well  defined, 
by  reafon  of  the  unevennefs  of  the  watry  furface  VV.* 

*  Phil.  Tranf.  ab.  Vol.  6,  p.  136. 


PERIOD 


SINCE  NEWTON. 


355 


PERIOD  VI. 


Discoveries  relating  to  vision,  light,  and  colours, 
SINCE  THE  TIME  OF  SlR  ISAAC  NeWTCN. 


IT  will  furprife  many  of  my  readers  to  fee  fo  great  a  propor¬ 
tion  of  the  materials  of  this  part  of  my  hiflory  fall  within 
the  period  that  is  now  opening  upon  us.  The  bulk  of  mankind, 

I  may  perhaps  add,  of  philofophers  too,  have  a  notion,  that  little 
or  nothing  has  been  done,  on  the  fubjedt  of  vifion,  light,  and  co¬ 
lours,  fince  the  time  of  Sir  Ifaac  Newton,  imperfed:  as  he  left 
many  of  his  experiments ;  in  fo  much,  that  they  are  perpetual¬ 
ly  expreffing  their  wonder,  that  no  perfon  has  taken  them  up  af¬ 
ter  him,  and  begun  where  he  left  off.  To  fuch  perfons,  the 
hiflory  of  this  period  will  afford  a  pleafing  entertainment.  They 
will  find  it  a  copious  field,  abounding  not  with  trifling  obferva- 
tions,  and  frivolous  minutiae,  but  with  real  and  important  dis¬ 
coveries,  refpediing  the  moft  fundamental  principles  of  light, 
and  of  bodies  refpeding  light ;  and  alfo  with  a  great  number  of 
illuftrations  on  the  phenomena  of  vifion.  And  I  can  affure  my 

cG  '•  /'l  i 

reader  that,  far  from  having  been  obliged  to  make  the  moft  of 
my  materials  for  this  period,  they  have  furnifhed  more  exercife 
for  me  in  the  way  of  abridging ,  in  order  to  comprize  a  great 
deal  in  a  fmall  compafs,  than  thofe  of  any  part  of  the  work. 
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To  give  the  moft  diftindt  view  of  the  difcoveries  and  improve¬ 
ments  that  have  been  made  within  this  fruitful  period,  I  {hall 
diftribute  them  into  feveral  fedtions,  mod;  of  which  it  will  be 
neceffary  for  me  to  fubdivide  ;  and  in  every  fedlion,  if  my  reader 
has  gone  no  farther  than  Sir  Ifaac  Newton,  he  will  find  many 
original  and  ufeful  obfervations  and,  if  he  has  made  himfelf 
mafter  of  every  thing  that  has  been  publifhed  in  Englifh  only, 
fince  Newton,  the  greateft  part  of  the  contents  of  feveral  of  the 
fedtions  will  be  new  to  him,  and  he  cannot  but  efteem  them  t© 
be  curious  and  valuable. 

So  many  are  the  perfons  who  have  diflinguifhed  themfelves  by 
their  difcoveries  within  this  period,  that  I  fhall  not  take  up  my 
reader’s  time  with  the  recital  of  their  names  and  merit,  in  this 
introduction ;  and  of  the  many  focieties  for  promoting  natural 
knowledge,  which  have  been  formed  within  the  courfe  of  it. 
I  fhall  but  juft  mention  two,  whofe  publications  are  the  moft 
regular  and  copious.  They  are  thofe  of  Peterfburg  and  Berlin, 
and  each  of  them  promifes  to  prefen t  the  world  with  a  very  vo¬ 
luminous  and  valuable  collection  of  materials,  for  all  the  branches 
of  philofophical  knowledge. 
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CHAPTER  I. 


Of  M.  EULER’s  hypothesis  concerning  light. 

Conclusive  as  the  generality  of  philofophers  imagin¬ 
ed  the  arguments  againft  the  opinion,  that  light  confifts  in 
the  vibrations  of  a  fluid  medium,  to  be,  and  particularly  after 
the  publication  of  Sir  Ifaac  Newton’s  Principia ,  in  which  the 
impoflibility  of  that  hypothefls  feemea  to  have  been  demonftrat- 
ed  ;  feveral  philofophers,  and  efpecially  fome  eminent  foreigners, 
Rill  adhered  to  it ;  and  it  was  with  great  difficulty  that  many, 
even  of  the  Engliffi,  gave  it  up.  But  no  writer  oppofed  the 
hypothefls  of  Newton,  if  it  may  be  called  his  (becaufe  it  was 
only  propofed  by  him  in  one  of  his  queries,  viz.  that  light 
confifts  of  fmall  particles  emitted  from  luminous  bodies)  fo 
Rrenuoufly,  or  took  fo  much  pains  with  the  fubjedt,  as  that  cele¬ 
brated  mathematician  M.  Euler,  in  his  treatife  inti  tied  Nova 
Theoria  lucis  et  colorum ,  in  which  he  revived  and  maintained  the 
hypothefls  of  M.  Huygens,  who  fuppofed  light  to  conflfl:  in  vi¬ 
brations  propagated  from  the  luminous  body,  through  a  fubtle 
etherial  medium. 
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As  I  do  not  propofe  to  trouble  my  reader  with  mere  hypothe- 
fes,  any  farther  than  they  are  abfolutely  neceffary  to  explain  the 
appearances  of  nature,  I  ffiall  content  myfelf  with  giving  a  fhort 
fummary  of  Mr.  Euler’s  objections  to  the  Newtonian  doCtrine, 
as  an  introduction  to  the  pertinent  and  ufeful  remarks  upon  the 
fubjeCt,  that  were  made  by  others,  who  wrote  in  anfwer  to  him, 
and  to  fome  new  and  important  faCts,  which  tend  to  eftablilh 
what  is  now  the  commonly  received  opinion. 

M.  Euler  himfelf  gives  the  following  fummary  of  his  argu¬ 
ments  againft  the  common  opinion.  Befides  that  the  fun  would 
in  time  be  exhaufted  by  fuch  a  copious  emiffion  of  material  par¬ 
ticles  (to  fupply  which,  Newton  is  obliged  to  have  recourfe  to 
the  comets,  and  to  fuppofe  that  they  fall  into  the  fun)  fuch  a 
quantity  of  matter,  filling  all  the  etherial  regions,  and  agitated 
with  fuch  a  prodigious  motion,  could  not  fail  to  difturb  the 
planets  and  comets,  in  their  revolutions  about  the  fun;  But, 
pafiing  by  this  great  difficulty,  and  admitting,  alfo,  that  par¬ 
ticles  of  matter  can  move  with  the  amazing  velocity  of  light,  is 
it  poffible  that  they  fhould  penetrate  tranfparent  fubftances  with 
fo  much  eafe  ?  In  whatever  manner  we  fuppofe  them  to  be  tranf- 
mitted,  thofe  bodies  muft  have  pores,  difpofed  in  right  lines, 
and  in  all  poffible  directions,  in  order  to  form  canals  for  the  paf- 
fage  of  the  rays.  But,  fays  he,  fuch  a  ftruCture -muft  take  a- 
way  all  folid  matter  from  thofe  bodies,  and  all  coherence  among 
their  parts,  if  they  do  contain  any  folid  matter.* 

Mr.  Euler  like  wife  advanced  a  new  notion  with  refpeCt  to  the 
origin  of  colours  in  opaque  bodies,  which  is  intirely  inconfiftent 
with  the  principal  part  of  Sir  Ifaac  Newton’s , doCtrine.  He  fup- 
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pofed  that  coloured  bodies  reflect  the  fun’s  incident  white  light 
from  their  anterior  furface,  but  that  the  particular  fpecies  of  light, 
by  which  they  appear  of  different  colours,  is  emitted  by  the  parts 
of  the  body.  For  inftance,  he  imagines  that  Vermillion  does 
not  appear  red  by  a  more  copious  reflexion  of  red  than  of  other 
incident  rays,  but  by  the  new  emiflion  of  red  rays,  from  the 
particular  velocity  of  vibration,  which  its  elaftic  parts  are  ca¬ 
pable  of  being  thrown  into,  by  the  impulfe  of  the  incident  light.* 

In  anfwer  to  thefe,  and  fome  other  objections,  I  fhall  prefent 
my  reader  with  fome  pertinent  remarks  of  Mr.  Melville,  a  per- 
fon  who  died  at  the  age  of  27,  after  leaving  us  fome  ingenious 
thoughts  on  the  fubjeCt  of  light  and  colours ;  and  from  the  at¬ 
tention  which  he  propofed  to  give  to  this  fubjeCt,  fomething  far¬ 
ther  might  have  been  expeCted  from  him,  if  he  had  lived  longer. 

It  is,  fays  he,  a  fuflicient  refutation  of  M.  Euler’s  theory  of 
colours,  that  no  phenomena  prove,  or  require  its  exigence ; 
whereas  Newton’s  theory  not  only  folves  the  phenomena,  but  is 
direCtly  drawn  from  a  multitude  of  experiments.  According  to 
M.  Euler’s  hypothefls,  a  body  of  one  colour  placed  in  the  homo¬ 
geneous  light  of  another,  ought  not  to  appear  of  the  colour  of 
the  light,  but  of  a  middle  one  between  that  and  its  own  natural 
colour,  which  is  contrary  to  experience. 

The  chief,  or  the  only  faCt,  which  feems  to  have  led  M.  Euler 
into  this  opinion  is,  that  there  are  many  coloured  bodies,  fuch  as 
metals,  which  are  capable  of  receiving  a  fine  poliih,  and  there¬ 
fore  of  reflecting,  regularly,  the  images  of  other  objects,  and  at 
the  fame  time  retain  their  proper  colour,  by  which  they  are 
feen  in  ail  pofitions.  That  light  by  which  we  fee  in  them  the 
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images  of  their  objects,  he  acknowledges  to  be  incident  light, 
properly  reflected,  but  the  other  he  fuppofes  to  be  emitted  from 
the  colorific  parts  of  the  body.  But  what  neceflity,  fays  Mr. 
Melville,  is  there  of  recurring  to  this  fuppofition,  when  we  know 
previoufly,  that  the  component  parts  of  all  opaque  bodies  are 
tranfparent,  that  from  every  tranfparent  body  there  is  a  double 
reflexion,  part  of  the  incident  light  being  reflected  at  the  firffc 
furface,  and  a  part  of  what  paffes  through  the  firft  at  the  fecond, 
and  when  we  know,  farther,  that  very  thin  bodies,  as  foap  bub¬ 
bles,  and  air  between  two  lenfes,  while  they  refledt  fome  rays  of 
all  colours  from  the  firft  furface,  reflect  only  particular  colours  at 
the  fecond.  Do  not  thefe  fadts,  fays  he,  lead  us  naturally  to 
fuppofe  the  firft  fort  of  light  to  be  only  a  part  of  the  incident 
light,  reflected  from  the  firft  furface  of  the  body,  and  the  fe¬ 
cond  a  part  of  what  had  paffed  on,  reflected  from  the  pofterior 
furfaces  of  the  fuperficial  particles.  * 


CHAPTER  II. 

.  *'  '■^1  * A  1  y  '  '  V.  '  *  ’ 

Of  the  property  of  some  substances  to  imbibe  and 
EMIT  LIGHT,  ESPECIALLY  THE  BOLOGNIAN  PHOS¬ 
PHORUS. 

THE  hypothecs  of  the  materiality  of  light  is  peculiarly  a- 
greeable  to  the  phenomena  of  the  Bolognian  jione ,  which 
has  the  remarkable  property  of  imbibing  light,  of  retaining  it 
for  fometime,  and  of  emitting  it  again  j  and  more  efpecially  by 

*  Edin.  Effays,  Vol.  2,  p.  38. 
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its  emitting  it  more  copioufly,  according  to  the  degree  of  heat 
applied  to  it.  By  this  hypothecs  alfo,  it  is  eafiefi:  to  account  for 
fome  fadts,  by  which  it  appears  that  the  colour  and  internal  tex¬ 
ture  of  bodies  are  changed  by  light  only,  exclufive  of  heat,  or 
any  other  circumftance.  Of  thefe  curious  difcoveries  I  fhall 
give  a  fuccindt  account  in  this  fedtion,  and  in  the  order  in  which 
I  have  mentioned  them. 

Never  was  philofophy  under  more  obligation  to  what  we  call 
chance ,  than  with  refpedt  to  the  difcovery  of  the  property  of  im¬ 
bibing  light,  which  was  once  thought  to  be  peculiar  to  a  certain 
foffil  found  in  the  neighbourhood  of  Bologna,  but  is  now  found 
in  many  other  fubftances.  Not  only  was  a  fingle  and  leading 
fadt,  but  a  whole  feries  of  fadts  the  refult  of  cafual  obfervation. 

The  perfon  who  led  the  way  in  this  new  branch  of  philofo¬ 
phy  was  Vincenzo  Cafcariolo,  a  fhoemaker  of  Bologna ;  *  who 
being  in  queft  of  fome  chymical  fecret,  among  other  things, 
tryed  a  calcination  of  the  Rone  above-mentioned,  which  is 
found  towards  the  bottom  of  mount  Peterno  in  that  neighbour¬ 
hood,  and  cafually  obferved,  that,  whenever  this  fubftance  was 
in  a  dark  place,  after  having  been  expofed  to  the  light,  it  was 
plainly  vilible  by  light  ifiuing  from  itfelf.  This  difcovery  was 

made,  as  nearly  as  I  can  colledt  from  circumftances,  about  the  year 
1630.  •  - 

So  remarkable  a  fadt,  as  foon  as  it  became  known,  could  not 
fail  to  engage  the  particular  attention  of  philofophers.  Accord¬ 
ingly  we  find  fpecimens  of  the  preparation  in  the  hands  of  per- 
fons  in  many  parts  of  Europe,  and  feveral  treatifes  were  written 
upon  the  fubjedt.  Among  others  we  find  the  names  of  p.  Lice- 
tus,  a  profefior  of  philofophy  at  Bologna,  Potterius,  Celias,  and 

*  Hooke’s  Experiments  by  Derham,  p.  178. 
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Athanafius  Kircher,  whom  no  fubjedt  of  philofophy  efcaped.  * 
He  gives  a  particular  defcription  of  this  foffil,  and  defcribes  the 
manner  in  which  it  was  then  calcined,  namely  by  being  beaten 
to  a  fine  powder,  together  with  white  of  egg,  water,  or  linfeed 
oil.  A  furnace,  he  fays,  was  conflrudted  for  the  purpofe,  and 
there  was  often  occafion  to  repeat  the  procefs  feveral  times,  in 
order  to  fucceed  perfectly.  He  fays,  however,  that  this  flone 
was  not  peculiar  to  the  neighbourhood  of  Bologna ;  for  that  he 
himfelf  had  difcovered  it  in  fome  alum  mines  atTolpha. 

We  are  not  furprifed  to  find  that  this  remarkable  experiment 
was  explained  by  fome  perfons  on  the  hypothecs  of  the  mate¬ 
riality  of  light,  firfl  imbibed  by  this  fubflance,  and  after  being 
detained  for  fome  time  within  its  pores,  emitted  again  ;  but  it 
appears  from  Kircher,  that  this  was  not  the  opinion  of  the  ge¬ 
nerality  of  philofophers  at  that  time.  He  himfelf  takes  pains  to 
refute  it,  and  fubflitutes  another  of  his  own  ;  fuppofing  that  the 
air  abounds  with  a  fubtle  vapour,  which  is  very  eafily  illumi¬ 
nated,  and  that  this  fubflance  imbibes  that  vapour.'f* 

Among  others  who  wrote  upon  this  fubjedt  was  Count  Marfilus 
of  Bologna,  whofe  treatife  was  printed  at  Leipfic  in  1698.  This 
gentleman,  in  order  to  verify  his  obfervations,  and  afcertain 
fome  particular  fadts,  vifited  mount  Peterno  above-mentioned 
in  September  1711,  in  company  with  Laurentius  Galeatius  and 
Beccarius,  who  afterwards  fo  greatly  diflinguifhed  himfelf  by  his 
obfervations  on  this  fubjedt.  §  Thefe  gentlemen  took  a  great 
deal  of  pains  with  the  chymical  analyfis  of  this  foffil,  by  which 
they  thought  they  difcovered  in  it  fome  fulphur,  and  alfo  an 

•  Schott’s  Magia,  Vol.  6,  p.  94.  Ac.  Par.  1730,  M.  p.  749.  f  A.rs  Magna,  p.  18. 
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alkaline  fait.  *  And  afterwards  they  proceeded  to  examine  many 
of  its  properties,  particularly  thofe  concerning  which  there  had 
been  any  difpute  among  philofophers. 

M.  Lemery,,f*  and  Marfilius  himfelf,  had  advanced  that  the 
Bolognian  done  imbibed  lefs  light  from  the  diredt  than  from 
the  reflected  beams  of  the  fun ;  but  the  experiments  they  now 
made  induced  them  to  think  otherwife,  and  Marfilius  openly 
retraced  his  opinion.  §  They  could  illuminate  the  phofphorus 
very  well  with  the  light  of  a  candle,  but  not  with  fhat  of  the 
moon,  or  light  emitted  from  other  phofphori.  J  They  alfo 
obferved  that  when  one  part  of  a  piece  of  phofphorus  was  illu¬ 
minated,  the  light  was  not  propagated  to  another  part.  ||  They 
found  that  expofing  fome  of  their  bed;  fpecimens  to  the  light  for 
one  fecond,  was  fufficient  to  make  them  vidble,  but  they  did  not 
fhine  near  fo  bright  as  after  they  had  been  expofed  two  fecond  s, 
which  was  fufficient  to  give  them  all  the  light  they  could  receive. 
After  continuing  four  minutes,  the  light  was  confiderably  di- 
miniffied,  but  fome  of  them  were  vidble  above  thirty  minutes.** 
The  lead;  degree  of  light  that  was  capable  of  illuminating  their 
phofphori,  was  that,  in  which  the  fmalled  print  was  jud  legi¬ 
ble.  In  general,  the  illuminated  phofphorus  was  red,  but  if  the 
light  was  weak,  as  when  it  had  been  received  through  feveral 
pieces  of  white  paper,  it  was  of  a  pale  white,  •f-f-  Ladly,  they 
found  that  thofe  ftones  which  had  been  often  ufed,  imbibed  the 
light  better  than  others,  or  than  they  had  done  at  fird. 

Thus  terminated  the  inquiries  and  the  joint  labours  of  thefe  phi¬ 
lofophers.  Afterwards,  namely  about  1728,  the  fubjedt  was  re- 

*  Com.  Bonon,  Vol.  6,  p.  1 86.  f  Ac.  Par.  1730,  M.  p.  757.  §  lb.  p.  188. 
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fumed  by  Galeatius,  and  Zanottus,  Secretary  to  the  Infdtute  at 
Bologna.  Thefe  gentlemen  found  that,  in  an  exhaufled  re¬ 
ceiver,  the  phofphorus  received  fomewhat  lefs  light,  and  did 
not  retain  it  quite  fo  long  3  but  this  might  be  owing  to  the  in- 
terpofition  of  the  glafs,  though  they  did  not  attend  to  it.  At 
the  fame  time  it  occurred  to  Zanottus,  that  this  phofphorus 
might  be  the  means  of  deciding  the  controverfy,  which  was 
then  warmly  agitated,  between  the  Cartefians  and  Newtonians, 
concerning  the  nature  of  light  3  and  alio  of  determining  whe¬ 
ther  the  phofphorus  only  emitted  the  light  which  it  had  receiv¬ 
ed,  or  light  of  its  own,  which  was  kindled,  'as  it  were,  by  fo¬ 
reign  light.  They,  therefore,  in  company  with  Algarotti,  a 
great  partizan  of  Newton’s,  expofed  feveral  pieces  of  their  bed: 
phofphorus  in  differently  coloured  light,  produced  by  a  prifm 
in  a  darkened  room  3  but  though  they  got  fome  very  good  prifms 
from  England,  they  could  not  perceive  any  certain  difference  be¬ 
tween  the  light  imbibed  from  the  different  colours.  Indeed, 
they  were  all  very  faintly  illuminated  in  this  manner.  They  al- 
fo  viewed  the  illuminated  phofphorus  through  a  prifm,  but  they 
could  perceive  no  difference  of  colour  in  it.  The  appearance, 
they  fay,  was  the  fame  as  when  they  looked  through  the  prifm 
at  coals  burning  not  very  bright.  * 

Upon  the  whole,  Zanottus,  who  writes  the  account,  concludes 
that  the  experiments  were  very  confiflent  with  both  the  hypo- 
thefes  above  mentioned,  as  he  endeavours  to  fhew  at  large.  But 
he  fays,  that  fince  the  phofphorus  exhibits  only  light  in  general, 
and  not  the  particular  colour  of  the  light  to  which  it  is  expofed, 
it  is  evident  that  it  fhines  by  its  own  native  light,  which  is  only 
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kindled  by  foreign  light.  It  has,  however,  been  very  lately  ob- 
ferved  by  Father  Beccaria  of  Turin,  that  pieces  of  artificial  phof- 
phorus,  much  fuperior  to  the  calcined  Bolognian  done,  inclofed 
in  tubes,  into  which  the  light  is  admitted  through  pieces  of  co¬ 
loured  glafs,  exhibit  the  fame  colour  only.  In  thefe  circum- 
dances,  the  phofphorus  is  much  more  drongly  illuminated  with 
any  particular  kind  of  light,  than  it  could  be  in  the  prifmatic 
image  of  the  fun.  This,  therefore,  feems  to  be  decifive  in  fa¬ 
vour  of  the  opinion,  Siat  the  phofphorus  emitts  the  very  fame 
light  that  it  receives,  and  no  other ;  and  confequently,  that 
light  confids  of  real  particles  of  matter,  capable  of  being  thus 
imbibed,  retained,  and  emitted ;  and  I  doubt  not,  but  that 
Zanottus,  if  he  be  now  living,  will  retradl  his  conclufion. 

It  was  an  accident,  likewife,  that  difcovered  the  property  of 
imbibing  and  emitting  light  in  other  fubdances  befides  the  Be- 
lognian  done.  Van  Helmont,  indeed,  afferted  that  he  had  a 
flint  done,  prepared  in  fuch  a  manner,  as  that  it  would  fhine  in 
the  dark,  after  being  expofed  to  the  light.  But  whether  his  af- 
fertion  was  not  credited,  or  whatever  elfe  was  the  reafon,  no  per- 
fon  feems  to  have  given  any  attention  to  it.  At  length,  how¬ 
ever,  a  little  before  the  year  1677,  G.  A.  Baldwin,  Bailiff  of 
fome  place  in  Mifnia,  when  he  was  dififolving  fome  chalk  in 
aqua  fortis,  in  his  purfuit  of  the  philofopher’s  done,  found  that 
the  refiduum,  after  didillation,  would  imbibe  the  light,  and  e- 
mit  it  again  in  the  dark,  exadtly  like  the  celebrated  Bolognian 
phofphorus.*  This  difcovery  was  peculiarly  acceptable  to  the 
curious,  as  it  feems  that  the  bed  method  of  preparing  the  Bo¬ 
lognian  done  had  been  kept  a  fecret  in  the  Zagonian  family,  all i 


*  Mif.  Berol,  Vol.  i,  p.  91. 
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of  whom  had  died  without  revealing  it.  This  phofphorus  of 
Baldwin,  however,  was,  in  no  refpeCt,  fo  good  as  the  Bolognian. 
It  was  not  fo  luminous,  it  did  not  retain  the  light  fo  long,  it  foon 
loft  its  virtue,  and  never  recovered  it  again.*  It  is  not  certain 
that  what  afterwards  went  by  the  name  of  Baldwin’s  phofphorus, 
was  the  fame  preparation  that  this  philofopher  hit  upon. 

Befides  this  phofphorus  of  Baldwin,  the  fame  property  was 
found  in  a  talcky  fubftance,  dug  in  the  neighbourhood  of  Berne 
in  Switzerland,  a  fpecimen  of  which,  accompanied  with  a  me¬ 
moir  on  the  fubjeCt,  was  fent  by  M.  Bourguet  to  the  members 
of  the  Royal  Academy  at  Paris.  This  fubftance  was  referred  to 
the  examination  of  M.  Du.  Fay,  who  is  fo  famous  for  his  dis¬ 
coveries  in  electricity.  His  account  of  it  may  be  feen  in  the  me¬ 
moirs  of  the  academy  for  the  year  1724. 

No  other  phofphorus,  limilar  to  thefe  above  mentioned,  was 
difcovered  by  any  perfon  till  the  year  1730,  when  M.  Du  Fay 
obferved  the  fame  property  in  all  fubftances  that  could  be  re¬ 
duced  to  a  calx  by  burning  only,  or  after  folution  in  the  nitrous 
acid.-f*  .This  philofopher  was  led  to  thefe  difcoveries  when  he 
was  making  experiments,  with  other  views,  on  fome  precious 
ftones.  At  this  time  he  obferved,  that  the  common  topaz,  when 
calcined,  had  all  the  properties  of  the  Bolognian  phofphorus; 
and,  purfuing  this  difcovery,  he  found  the  fame  property,  in  a 
great  degree,  in  the  belemnites,  gypfum,  limeftone,  and  marble. 
Some  very  hard  fubftances  of  this  kind  he  was  obliged  to  diftolve 
in  acids,  before  calcination  would  produce  this  change  in  them  ; 

and  with  fome  fubftances  he  could  not  fucceed  even  by  this 

'  . .  < 

*  Ac.  Par,  1693,  p.  271.  f  Baccarii  Comment.  p.  10. 

means. 


Sec.  I.  THE  BOLOGNIAN  PHOSPHORUS.  367 

means,  efpecially  with  flint  Rones,  river  fand,  jafpers,  agates, 
and  rock  cryftal.* 

The  fame  philofopher,  in  1734,  likewife  difcovered  that  fome 
diamonds,  an  emerald,  and  many  other  precious  Rones  were  pof- 
fefled  of  this  property,  without  any  chymical  preparation.  *f* 
He  could  find  no  rule  to  diRinguifli  thofe  diamonds  which  had 
this  property,  from  thofe  which  had  it  not.  Among  other  ex¬ 
periments,  he  found  that,  after  enduring  the  greateR  degrees  of 
heat,  both  the  forts  remained,  juR  as  they  were  before. §  When 
M.  Du  Fay  difcovered  this  property  in  diamonds,  he  was  endea¬ 
vouring  to  find  whether  they  gave  light  in  confequence  of  being 
heated  ;  and  he  expofed  them  to  the  fun  with  no  other  view  than 
to  warm  them.  On  this  occafion  he  could  Hot  help  exprefling 
his  furprize  that  Mr.  Boyle,  and  other  perfons,  among  the  vari- 
ous  methods  they  made  ufe  of  to  communicate  heat  to  diamonds, 
fliould  not  have  thought  of  this,  which  could  hardly  have  failed 
to  difcover  to  them  this  property  of  imbibing  light. 

M.  Du  Fay  obferved,  that  all  thefe  phofphori  10R  their  virtue 
by  being  a  long  time  in  the  open  day  light ;  and  that  fome  of 
them  would  preferve  their  beauty  a  long  time,  though  they  were 
plunged  in  water ;  which  was  known  to  be  in  the  end  defiruc- 
tive  of  this  peculiar  property.  He  alfo  took  notice  that  fome  of 
thefe  fubRances  flione  with  unufual  fplendour  while  they  were 
diffolving,  and  thereby  heated,  in  water  ;  but  this  did  not  con¬ 
tinue  long £  and  he  alfo  took  notice  that  fome  of  his  diamonds 
would  fliine  after  they  had  been  buried  in  black  wax  fix  hours.  || 
The  caufe  of  the  light  that  was  given  in  thefe  circumfiances  was 

*  Ac.  Bax*.  1730,  H.  p.  69.  f  Beccarii  Comment,  p.  12.  §  Ac.  Par.  1735,. 
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not  known  to  M.  Du  Fay,  but  a  very  fatisfa&ory  account  will 
be  given  of  it  before  the  clofe  of  this  fedtion.  Befides  common 
water,  this  philofopher  endeavoured  to  find  what  other  fub- 
flances  would,  by  their  contact  with  thefe  phofphori,  deftroy 
their  property  of  imbibing  light ;  but  he  did  not  complete  the 
courfe  of  experiments  which  he  began  with  this  view.* 

That  fome  diamonds  have  the  property  of  the  Bolognian  phof- 
phorus  was  alfo  difcovered  by  Beccarius,  about  the  fame  time 
that  it  occurred  to  M.  Du  Fay.  He  was  vifiting  a  lady  after 
her  lying  in,  when,  the  room  being  pretty  dark,  the  cafually 
obferved,  that  a  diamond  which  he  wore  in  a  ring  appeared  ex¬ 
ceedingly  bright.  This  putting  him  upon  examining  it  with  at¬ 
tention,  he  found  that  it  was  indeed  polfeifed  of  the  true  pro¬ 
perty  of  imbibing  and  emitting  light,  and  accordingly  he  gave 
an  account  of  it  to  the  academy  of  the  Inftitute  in  November 
I.734-' + 

Beccarius,  having  thus  cafually  found  that  this  diamond  of 
his  was  a  genuine  natural  phofphorus,  applied  himfelf  diligently 
to  the  examination  of  all  kinds  of  fubftances ;  and  having  con¬ 
trived  a  portable  feat,  in  which  he  could  keep  himfelf  perfectly 
in  the  dark,  and  in  which  he  could,  with  no  lofs  of  time,  view 
any  fubfiiance  immediately  after  its  being  expofed  to  the  light  of 
the  fun,  he  found  that  almofi:  every  thing  in  nature  imbibed 
more  or  lefs  light,  and  emitted  it  again  in  the  dark,  and  with  a 
great  deal  of  labour  he  diftinguifhed  natural  bodies  into  feveral 
clafifes,  as  they  were  phofphori  with  or  without  preparation. 

Almofi:  all  vegetable  and  animal  fubftances,  when  thoroughly 
dry,  had  this  property,  and  paper  in  a  very  great  degree. § 


*  Ac.  Par.  1730,  H.  p.  70.  f  Com.Bonon,  Vol.  2.p  276. 

Vol.  10,  p.  557.  Beccarii  Comment.  p.  44. 
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Among  fome  of  the  more  remarkable  obfervations  of  Becca* 
rius,  made  with  more  accuracy  and  attention  than  lie  bad  applied 
at  the  firft;  and  of  which  he  made  a  fecond  publication,  fome 
years  after  his  firft  treatife  on  this  fubjeCt,  are  the  following.  In 
his  firft  experiments  the  yolk  of  an  egg,  when  thoroughly  dry, 
ealily  became  a  phofphorus,  but  the  white  of  the  egg  not  at  all.* 
This  faCt  had  puzzled  our  author  very  much,  but  it  iliould  feem 
that  when  he  had  improved  his  method  of  making  obfervations, 
he  had  found  it  to  imbibe  light  in  a  fmall  degree,  as  he  does  not 
mention  it  in  his  laft  exceptions.  Every  kind  of  earth,  without 
excepting  even  the  black  and  the  red,  with  which  he  had  no  fiu> 
cefsatfirft,  werephofphoreal.-|L  Amonga  hundred  agates,  oneonly, 
and  that  a  very  black  one,  was  found,  that  was  not,  in  fome  de^- 
gree,  a  natural  phofphorus ;  but  this  could  not  be  made  to  im-^ 
bibe  the  leaft  light,  even  from  a  burning  mirror. §  To  metals 
and  water  he  could  never  communicate  the  leaft  degree  of  light,  || 
which  is  fomething  remarkable,  and  deferving  particular  notice, 
as  thefe  fubftances  agree  in  the  property  of  being  conductors  of 
electricity.  I  have  alfo  found  agates  to  be  no  bad  conductors, 
and  I  fhould  be  inclined  to  conjecture  that  fuch  pieces  of  char¬ 
coal  as  are  good  conductors  could  not  be  made  to  imbibe  light, 
though  Beccarius  does  not  mention  his  having  made  any  trial  of 
charcoal.  He  found,  however,  that  very  few  ores  could  be  made 
phofphoreal,  nor  any  vitriols,  except  in  the  flighted:  degree.**" 
At  the  fame  time  he  found  that  oils  had  this  property,  but  only 
in  a  fmall  degree  j-j-f*  and  yet  it  muft  be  obferved  that  they  are 
very  imperfeCt  conductors  of  electricity.  Light  was  vifibly  re- 

•  Beccnrii  Comment,  p.  52.  f  lb.  p.  91.  §  lb.  p.  95.  ||  lb.  p.  96. 
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tained  by  the  fkins  of  feveral  living  animals,  and  by  his  own 
fingers,  but  not  always.*  At  one  time,  when  it  was  very  cold, 
his  hand  (hone  uncommonly  bright. •f* 

Turning  his  thoughts,  as  M.  Du  Fay  had  done  before  him, 
to  thofe  circumftances  which  obftru&ed  this  phofphoreal  virtue, 
he  found  that,  though  water  could  not  be  made  to  fhine  by  im¬ 
bibed  light,  ice  did  exceedingly  well,  and  efpecially  fnow.§ 
Having  made  three  cakes  of  clay,  one  of  which  he  baked  pretty 
hard,  while  he  kept  another  moifi,  and  fet  the  lafi:  of  them  to 
freeze  ;  he  found  the  firfi:  and  lafi:,  but  efpecially  the  firfi,  to 
imbibe  light  plentifully,  but  the  middle,  or  moifi:  one,  very 
poorly.J 

That  excellent  chymifi  M.  Margraaf,  undertook  the  analyfis 
of  the  Bolognian  ftone,  and  by  his  procefs  it  appears,  that  both 
the  contact  of  the  fuel  and  the  free  accefs  of  the  air  are  necef- 
fary  in  the  calcination  of  it ;  ||  but  thefe  circumfiances  do  not 
feem  to  be  material  in  the  preparation  of  artificial  phofphorus, 
as  it  is  made  by  Mr.  Canton,  and  which  will  be  mentioned  pre- 
fently.  M.  Margraaf  gives  a  lift  of  all  the  fubfiances  which  he 
could  find  in  Germany,  that,  being  calcined,  have  the  fame  pro¬ 
perty  with  the  Bolognian  ftone ;  and  after  analizing  them,  he 
concludes  that  they  all  contain  a  vitriolic  acid,  united  to  an  alka¬ 
line,  or  calcarious  earth.**  This  will  appear  to  be  fufficiently  a- 
greeable  to  the  principles  of  Mr.  Canton’s  preparation. 

In  the  next  place  I  fhall  prefent  my  reader  with  an  account  of 
this  compofition  of  Mr.  Canton’s  which  makes  an  artificial  phof¬ 
phorus  greatly  fuperior  to  any  fingle  natural  fubftance,  and  has 

*  Beccarii  Comment,  p.  io*8.  +  lb.  p.  iio.  §  Com.  Bonon,  Vol.  5,  p.  106. 
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the  advantage  of  being  very  eafily  and  cheaply  prepared ;  by 
which  means  it  is  now  in  every  perfon’s  power  to  amufe  himfelf 
and  his  friends  with  thefe  curious  experiments.  His  receipt  for 
making  it  is  as  follows  :  Calcine,  fome  common  oyfter  fhells,  by 
keeping  them  in  a  good  coal-fire  for  half  an  hour,  and  let  the 
purefl  part  of  the  calx  be  pulverized,  and  fifted.  Mix  with 
three  parts  of  this  powder  one  part  of  the  flowers  of  fulphur ; 
let  this  mixture  be  rammed  into  a  crucible,  of  about  an  inch 
and  a  half  in  depth,  till  it  be  almofl  full,  and  let  it  be  placed  in 
the  middle  of  the  fire,  where  it  mufl  be  kept  red  hot,  for  one 
hour  at  leaf!,  and  then  fet  by  to  cool.  When  it  is  cold,  turn  it 
out  of  the  crucible,  and  cutting,  or  breaking  it  to  pieces,  (crape 
off,  upon  trial,  the  brighteft  parts ;  which,  if  good  phofphorus, 
will  be  a  white  powder,  and  may  be  preferved  by  keeping  it  in  a 
dry  phial  with  a  ground  ftopple. 

The  quantity  of  light  which  a  little  of  this  phofphorus  gives, 
when  firfl  brought  into  a  dark  room,  after  it  has  been  expofed  for  a 
few  feconds  on  the  outlide  of  a  window,  to  the  common  light  of 
the  day,  is  fufficient  to  difcover  the  time  by  a  watch,  if  the  eyes 
have  been  fhut,  or  in  the  dark,  for  two  or  three  minutes  before. 

By  this  phofphorus,  celeftial  objects  may  be  very  well  repre- 
fented,  as  Saturn  and  his  ring,  the  phafes  of  the  moon,  &c. 
if  the  figures  of  them,  made  of  wood,  be  wetted  with  the  white 
of  an  egg,  and  then  covered  with  the  phofphorus.  And  thefe 
figures  appear  to  be  as  flrongly  illuminated  in  the  night,  by  the 
flalh  from  a  near  difcharge  of  an  electrified  bottle,  as  by  the  light 
of  the  day.* 

,  *  ‘  * '  '  «  .  •  ‘  ’  ■'  «  ■  ■ 

With  this  artificial  phofphorus  Mr.  Canton  made  a  variety  ot 

curious  experiments/  which  throw  a  great  additional  light  upon 

*  Phil.  Tranf.  Vol.  58,  p.  337. 
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this  remarkable  property  of  bodies ;  fome  of  which  are  con¬ 
trary  to  the  afiertion  of  Lemery,  that  expofing  it  to  the  light  of 
the  fun  for  a  long  time  injures  it;  for  having  put  fome  of  the 
fame  parcel  of  the  phofphorus  into  two  glafs  balls,  and  fealing 
them  hermetically,  he  placed  one  of  them  on  the  outfide  of  a 
window  facing  the  South,  that  it  might  be  very  much  expofed 
to  the  direct  rays  of  the  fun,  where  it  remained  from  the  Twen¬ 
ty-fifth  of  December  1764,  to  the  Twenty- fifth  of  December 
1765.  The  other  was  kept  during  the  fame  time  in  darknefs. 
After  this  they  were  both  expofed  to  the  light,  and  carried  into 
a  dark  room  together,  where  the  phofphorus  in  each  appeared 
equally  bright.*  Mr.  Canton,  therefore,  fuppofes  that  what 
Lemery  imputed  to  the  light  of  the  fun,  was  caufed  by  the 
moiifure  of  the  air.  It  will  appear,  however,  from  fome  expe¬ 
riments  of  Beccarius,  which  will  be  recited  hereafter,  that  fome 
of  the  more  delicate  kinds  of  phofphorus  were  really  injured  by 
the  rays  of  the  fun,  exclufive  of  every  other  circumftance. 

This  phofphorus  could  not  be  fo  fafely  expofed  to  moifture  ; 
for  fome  of  it  finely  powdered,  being  put  into  a  glafs  ball,  with 
as  much  water  as  would  make  it  adhere  to  the  glafs,  fo  as  to 
cover  the  infide  of  the  ball,  which  was  hermetically  fealed,  was 
found  gradually  to  lofe  its  property  of  imbibing  and  emitting 
light ;  but  fafter  in  fummer  than  in  winter,  fo  that,  at  the  end 
of  the  firft  year,  it  could  not  in  the  leafl  be  perceived  to  fhine, 
when  taken  from  the  ftrongeft  day  light,  and  carried  into  a  dark 
room.  It  was  alfo  obferved  to  lofe  its  whitenefs  by  degrees,  and 
to  become  of  a  very  dark  colour,  efpecially  on  that  fide  of  it  next 
to  the  glafs.  Some  of  the  phofphorus  which  was  made  to  flick  to 
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the  infide  of  a  glafs  ball  hermetically  fealed,  by  means  of  com¬ 
mon  fpirit  of  wine,  was  found,  after  one  year,  to  be  a  little  im¬ 
paired  ;  but  fome  made  to  Rick,  by  means  of  an  aetherial  fpirit, 
was  found  not  to  be  impaired  at  all.* 

Trying  the  contact  of  aether  and  fpirit  of  wine,  he  found  it  to 
be  more  affected  by  the  latter  than  by  the  former.  For  mixing 
a  fmall  quantity  of  the  phofphorus  with  a  conflderable  quantity 
of  fpirit  of  wine  in  one  glafs  ball,  and  with  aether  in  another, 
and  fealing  them  hermetically 3  when  the  balls  were  fhook  each 
of  the  fluids  appeared  like  milk,  but  the  phofphorus  would  foon 
fubflde  when  the  balls  were  at  reft,  and  leave  the  fpirit  of  wine 
and  aether  quite  clear.  After  fome  months,  the  fpirit  of  wine 
was  found  to  be  tinged  with  yellow,  but  the  aether  remained  un¬ 
altered  to  December,  1768,  when  this  account  was  read  at  the  Royal 
Society.  By  fhaking  the  balls,  while  they  were  expoied  to  the 
light,  the  whole  of  the  fluid  in  each  appeared  luminous  when 
carried  into  a  dark  room ;  and  the  aether  gave  as  much  light  then 
as  it  did  at  firft,  but  the  fpirit  of  wine  a  little  lefs.-f* 

That  heat  promotes  the  expulfion  of  the  light  which  has  been 
formerly  imbibed  by  thefe  phofphori  is  greatly  and  manifeftly  in 
favour  of  the  materiality  of  light,  and  the  effects  of  this  proper¬ 
ty  were  obferved  very  early,  though  the  complete  difcovery  of 
it  was  not  made  till  long  afterwards. 

Mentzel,  who  wrote  presently  after  the  difcovery  of  Baldwin’s 
phofphorus,  which  he  compares  with  the  Bolognian,  aflerted  that 
it  had  the  property  of  becoming  luminous  by  heat  only ;  §  and 
M.  Du  Fay,  we  have  feen,  obferved  that  his  diamond  emitted 
light  after  having  been  buried  for  a  long  time  in  black  fealing 

*  Phil.  Tranf.  p.  339.  f  lb.  §  Ae.  Berl.  1 749,  p.  70. 
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wax,  which  was,  no  doubt,  a  fa£t  of  the  fame  kind ;  but  the 
difcovery  of  tne  principle  on  which  they  depended  was  made  by 
Beccarius,  M.  Margraaf,  and  Mr.  Canton,  independent  of  one 
another.  • 

Beccarius,  endeavouring,  like  M.  Du  Fay,  to  confine  the  light 
in  his  phofphoreal  diamond,  accidentally  obferved,  that  heat 
would  make  it  emit  the  light  which  had  lain  dormant  in  it  a  con- 
fiderable  time,  and  particularly  after  having  been  kept  very  cold. 
Having  plunged  an  illuminated  diamond  in  cold  water,  where 
he  kept  it  two  days,  he  found  that  by  putting  it  in  his  mouth, 
after  that  time,  it  gave  as  much  light  as  when  it  was  put  into 
the  water.  Immediately  dipping  it  in  the  water  again,  the  light 
became  extindt ;  but  once  more  warming  it  again  in  his  mouth, 
where  it  was  equally  moift,  the  light  revived.  This  experiment 
he  repeated,  till  no  more  light  appeared,  notwithftanding  any 
degree  of  heat  that  he  could  communicate  to  the  diamond.* 
Beccarius  was  firfi:  of  opinion,  with  Mentzel,  that  this  light  was 
produced  by  heat ;  but  finding,  by  repeated  trials,  that,  without 
previous  expofing  to  the  light,  heat  had  no  effedf ;  and  elpecially 
that  the  application  of  heat  made  the  phofphori  ceafe  to  fhine 
fooner  than  they  would  otherwife  have  done,  he  gave  up  that  o- 
pinion.  Among  other  decifive  experiments  to  this  purpofe,  he 
filled  a  glafs  tube  with  pounded  Bolognian  phofphorus,  and  af¬ 
ter  expofing  it  to  the  light,  he  plunged  one  half  of  it  in  warm 
water,  and  obferved  that  it  gave  light  more  copioufly  than  that 
part  which  was  in  the  open  air ;  but  that  this  part  continued  to 
be  luminous,  long  after  that  which  was  under  water  had  ceafed 

t 

to  give  light  at  all.  ■f* 

•  Com.  Bonon.  Vol.  2,  p.  284.  f  Vol.  5,  p.  112. 
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M.  Margraaf  made  the  fame  obfervation,  and  even  fell  into 
the  fame  miftake  with  Beccarius,  imagining  that  heat  produced 
the  light  j*  and  he  corrected  his  miftake  in  a  fubfequent  me¬ 
moir,^  in  confequenceof  obferving,  that  the  phofphorus  would  not 
fbine  by  being  placed  upon  a  hot  furnace,  unlefs  it  had  been  ex- 
pofed  to  the  light  two  or  three  days  before.  Upon  the  whole, 
he  concludes  that  the  light  is  held  in  this  fubftance  by  attraction, 
and  afterwards  expelled  by  heat ;  for  he  alfo  obferved,  that  if 
the  phofphorus  remained  a  long  time  upon  the  furnace,  the  light 
was  intirely  exhausted. 

Mr.  Canton  feems  not  to  have  been  acquainted  with  the  ob- 
fervations  of  Beccarius,  or  M.  Margraaf,  when  he  made  the  fame 
difcovery  that  they  had  done ;  and  though  his  was  made  fubfe¬ 
quent  to  theirs  5  yet  as  his  experiments  are  more  particular,  were 
made  with  a  better  kind  of  phofphorus,  and  give  us  a  clearer 
idea  of  the  degree  in  which  it  is  poftefted  of  this  power,  and  al¬ 
fo  of  fome  other  circumftances  relating  to  it,  I  fhall  recite  them  at 
fomelength.  They  were  made  with  that  excellent  artificial  phofpho¬ 
rus,  the  compofition  of  which  has  been  mentioned  already.  By 
a  variety  of  experiments,  he  found  that,  when  this  fubftance, 
had  imbibed  light,  and  had  emitted  all  that  it  could  in  the  com¬ 
mon  ftate  of  the  atmofphere,  it  would  emit  more,  upon  the  ap¬ 
plication  of  heat,  in  a  variety  of  methods ;  but,  ftill,  that  a  con¬ 
tinuance  of  the  fame  degree  of  heat  would  only  make  it  lumi¬ 
nous  for  a  certain  time.  He  therefore  concludes,  that  there  is  a 
ftrong  attraction  between  light  and  the  particles  of  natural  bo¬ 
dies,  and  that  the  ftrong  vibrations  into  which  heat  throws  them 
compels  them,  as  it  were,  to  quit  their  hold  of  each  other. 


*  Ac.  Berl.  1749,  p.  70. 
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The  light  which  this  phofphorus  gives,  by  being  heated  to  a  cer¬ 
tain  degree,  appears,  as  he  obferves,  to  be  caufed  by  its  throw¬ 
ing  off  adventitious  particles,  and  not  by  any  of  its  own ;  fi nee 
its  light  will  decreafe,  and  be  intirely  gone,  before  the  phofpho¬ 
rus  be  hot  enough  to  fhine  of  itfelf,  or  to  emit  particles  of  light 
from  its  own  body. 

He  expofed  his  phofphorus  in  a  dry  flate,  in  a  glafs  ball,  fealed 
hermetically,  to  the  light  of  the  day,  by  holding  it  on  the  out- 
fide  of  a  north  window,  about  half  a  minute;  after  which  it  was 
kept  in  the  dark  for  two  days  and  a  half,  and  was  then  found  to 
fhine,  by  putting  the  glafs  ball  which  contained  it  into  a  bafon 
of  boiling  wrater.  On  the  morrow  it  was  expofed  to  the  light 
again,  and  after  it  had  been  kept  four  days  and  a  half  in  the  dark, 
it  gave  light  when  put  into  boiling  water,  though  not  fo  much 
as  before.  In  fummer  he  found  that  it  would  not  give  any  light 
by  the  heat  of  boiling  water,  after  keeping  it  fifteen  days,  but  in 
winter  it  Would  afford  a  little  after  keeping  it  a  month. 

Parcels  of  phofphorus  inclofed  in  two  of  thofe  glafs  balls  were 
illuminated  at  the  fame  time,  and  to  the  fame  degree,  and  then 
carried  into  a  dark  room,  where  one  of  the  balls  was  immedi¬ 
ately  put  into  a  bafon  of  boiling  water,  when  the  phofphorus  in 
it  became  much  brighter  than  that  in  the  other,  and  continued 
fo  for  a  fhort  time,  but  it  parted  with  its  light  fo  faft,  than  in  lefs 
than  ten  minutes  it  was  quite  dark ;  whereas  the  other  phofpho¬ 
rus,  ftill  gave  a  confiderable  degree  of  light,  and  remained  vifible 
for  more  than  two  hours  after,  and  then  even  the  heat  of  the 
hand  would  plainly  increafe  its  light. 

Bolognian  phofphorus  is  faid  by  Lemery,  and  alfo  by  Muf- 
fchenbroeck,  to  imbibe  lefs  light  when  hot  than  when  cold,  as  it 
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appears  lefs  bright  when  carried  into  a  dark  room.  But  this  ap¬ 
pearance,  our  author  obferves,  may  be  caufed  by  its  parting  with 
the  light  it  has  received  fader  when  in  the  former  date  than  when 
in  the  latter,  according  to  the  lad  experiment ;  as  it  mud  lofe  more 
when  hot  than  when  cold,  during  the  time  of  conveying  it  from 
the  place  where  it  takes  the  light,  to  a  place  dark  enough  to  ob- 
ferve  it  in.  And  this,  fays  he,  feems  alfo  to  be  the  caufe  why 
Bolognian  phofphorus  never  appears  fo  bright  after  it  has  been 
illuminated  (and  confequently,  in  fome  meafure,  heated)  by  the 
diredt  beams  of  the  fun,  as  after  it  has  only  been  expofed  in  the 
fliaded  open  air,  to  the  common  light  of  the  day.  I  would  beg 
leave  to  obferve,  that  the  fame  date  of  heat,  which  difpofes  the 
phofphorus  to  throw  off  the  light  after  it  has  been  imbibed,  mud 
likewife  render  it  indifpofed  to  receive  it ;  fo  that,  in  thofe  cir- 
cumdances,  it  will  in  reality  imbibe  lefs  light,  as  I  doubt  not 
would  be  found  to  be  the  cafe,  if  the  head  of  the  obferver  was 
cloked  up,  and  the  phofphorus  prefented  to  him  immediately  af¬ 
ter  being  expofed  to  the  light. 

The  balls  mentioned  in  the  lad  experiment  were  kept  in  the 
dark  for  two  days  afterwards,  and  then  each,  at  the  fame  time 
was  put  into  a  bafon  of  boiling  water,  in  a  dark  room  ;  when 
that  which  had  parted  with  its  light  in  the  hot  water  before  was 
not  viiible,  whereas  the  other  appeared  luminous  for  a  confide - 
rable  time. 

When  the  phofphorus  has  once  lod  as  much  of  the  light  it  has 
received,  as  the  heat  of  boiling  water  will  caufe  it  to  part  with, 
it  has  never  been  found,  he  fays,  if  kept  in  the  dark,  to  give  any 
more  light  by  that  degree  of  heat ;  but  if  it  be  expofed  again  to 
the  common  light  of  the  day,  the  experiments  may  be  repeated 
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with  the  fame  fuccefs  as  before.  This,  fays  he,  has  been  fre¬ 
quently  done  with  fome  dry  phofphorus,  in  glafs  balls,  which 
had  been  hermetically  fealed  about  four  years,  without  the  lead: 
injury  to  it. 

Let  one  end  of  a  bar  of  iron  of  about  an  inch  fquare,  or  a 
poker  be  made  red  hot,  and  laid  horizontally  in  a  darkened  room, 
till,  by  cooling,  it  ceafes  to  fhine,  or  is  but  barely  vifible. 
Then  bring  a  little  dry  phofphorus,  which  has  been  expofed  to 
the  light  in  a  glafs  ball  hermetically  fealed  as  near  the  hot  iron  as 
pofiible,  by  holding  the  ball  in  contact  with  it,  and  the  phof¬ 
phorus,  he  fays,  though  invilible  before,  will,  in  a  few  feconds, 
begin  to  fhine,  and  will  difcharge  its  light  fo  very  fad;,  as  to  be 
intirely  exhaufted  of  it  in  lefs  than  a  minute,  and  will  fhine  no 
more  by  the  fame  treatment,  till  after  it  has  been  expofed  to  the 
light  again.  But  by  this  heat,  light  received  from  a  candle,  or 
even  from  the  moon,  may  be  feen  feveral  days  after,  and  phof¬ 
phorus  that  will  afford  no  more  light  by  the  heat  of  boiling  wa¬ 
ter  will  fhine  again  by  the  heat  of  hot  iron.  By  means  of  this 
heat,  phofphorus  which  had  been  kept  in  darknefs  more  than  fix 
months  was  found  to  give  a  confiderable  degree  of  light. * 

That  light  is  a  real  fubdance,  confiffing  of  particles  of  matter 
emitted  from  luminous  bodies,  is  farther  favoured  by  thofe  ex¬ 
periments  which  demondxate  that  the  colour ,  and  inward  texture 
of  fome  bodies  are  changed,  in  confequence  of  their  being  ex¬ 
pofed  to  the  light.  The  fird:  obfervation  of  this  kind  appears  to 
have  been  made  by  M.  Duhamel,  who  found  that  the  juice  of  a 
certain  fhell  fidi  in  Provence  contracted  a  fine  purple  colour  when 
it  was  expofed  to  the  light  of  the  fun,  and  that  the  ftronger  was 

*  Phil.  Tranf.  Vol.  58,  p.  340. 
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the  light,  the  more  fplendid  was  the  colour.  Pieces  of  cloth  dip¬ 
ped  in  this  liquor,  and  expofed  to  the  fun,  became  red,  though 
they  were  inclofed  in  glafs  j  but  they  got  none  of  this  colour  if, 
in  the  fame  expofure,  they  were  covered  with  the  thinned;  plates 
of  metal.  If  the  liquor  was  inclofed  in  veflel s  covered  with 
oiled  paper,  it  contracted  the  colour,  efpecially  if  the  paper  it- 
felf  was  violet,  but  it  remained  colourlefs,  if  the  paper  was  dry. 

After  this,  Beccarius  obferved  that  a  quantity  of  luna  cornea, 
expofed  to  the  rays  of  the  fun,  became  of  a  violet  colour,  when 
part  of  the  fame  compofition,  covered  with  black  paper,  re¬ 
mained  white.  * 

It  does  not  appear  that  Beccarius  knew  on  what  ingredient  in 
this  compof  tion  the  change  of  colour  depended ;  but  fome  ob- 
fervations,  which  I  fhall  here  introduce,  of  M.  H.  Schulze  make 
it  appear  to  have  been  the  filver.  This  gentleman  having  put 
fome  aqua  fortis,  in  which  a  fmall  quantity  of  filver  happened 
to  have  been  diffolved,  to  a  quantity  of  chalk  (in  order  to  make 
Baldwin’s  phofphorus)  and  cafually  fetting  the  phial  which  con¬ 
tained  it  in  a  window,  on  which  the  fun  fhone  very  bright,  ob¬ 
ferved,  after  a  few  minutes,  that  the  colour  of  it  was  changed 
from  a  dark  red  to  nearly  a  blue,  on  the  fde  that  was  next  the 
light ;  whereas  the  colour  on  the  other  fide  was  not  changed. 
Varying  the  circumftances  of  this  experiment,  he  prefently  found 
that  this  effeCt  was  produced  not  by  heat ,  but  by  the  light  \  for 
when  it  was  covered,  it  would  bear  a  very  great  degree  of  heat 
without  any  change  of  colour,  and  when  he  only  wrapped  a  few 
threads  round  the  phial,  the  colour  of  that  part  of  the  compo¬ 
fition  which  was  under  them  was  not  changed  like  the  reft. 
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When  he  covered  the  whole  phial  with  white  paper,  in  which 
letters  had  been  cut,  they  were  legible  when  the  paper  was  re¬ 
moved,  by  the  difference  of  their  colour.  This,  he  fays,  made 
a  pleafing  experiment,  no  perfon  who  faw  it  being  able  to  guefs 
in  what  manner  the  letters  had  been  made.  Trying  a  piece  of 
the  faturated  chalk,  he  found  it  to  have  the  fame  property  with 
the  folution  itfelf ;  and  in  all  thefe  cafes,  he  fays,  the  change  of 
colour  will  inftantly  appear,  if  a  burning  mirror  be  made  ufe  of. 

In  his  inquiries  into  the  caufe  of  this  appearance,  he  found 
that  it  did  not  depend  either  on  the  nitre ,  or  the  chalk ,  but  on 
the  fmall  quantity  of  Jifoer  that  happened  to  be  in  it.  For  rec¬ 
tified  fpirit  of  nitre  and  chalk  only  had  no  fuch  effed,  whereas 
a  folution  of  filver  in  aqua  fortis  underwent  the  fame  change  of 
colour  with  his  firft  compofition  ;  and  when,  in  this,  he  ufed  a 
little  more  filver,  the  effed  was  much  more  confpicuous.  He 
recommends  the  ufe  of  magnefia,  burnt  harts-horn,  and  other 
white  fubfiances  inftead  of  chalk.  He  found  the  experiment 
to  anfwer  pretty  well  with  white  cerufs  of  lead ;  and  he  con¬ 
cludes  thefe  obfervations,  with  hinting  that,  perhaps,  fome  ufe 
may  be  made  of  them,  in  attempts  to  difcover  whether  ores,  and 
other  fubftances,  contain  any  lilver  in  them.-* 

The  obfervations  of  Duhamel,  and  his  own  obfervation  of  the 
change  of  colour  in  the  luna  cornea,  abovementioned,  led  Bec- 
carius,  in  a  converfation  with  feveral  members  of  the  academy 
at  Bologna,  on  the  fubjed  of  preferving  flowers,  to  fugged  an  at¬ 
tention  to  the  circumftance  of  light  in  their  experiments ;  and 
accordingly,  G.  Bonzius  made  feveral,  which  feem  to  prove 
pretty  clearly,  that  various  colours  are  confiderably  affeded  by 

*  Ac.  Csfar,  Vol.  1,  p.  528,  &c. 
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light,  exclufive  of  heat,  or  any  thing  elfe.  When  he  had  ex- 
pofed  a  number  of  differently  coloured  ribbons  to  the  rays  of 
the  fun,  for  feveral  days,  in  the  open  air,  he  found  that  the  red, 
deep  green,  and  blue,  had  loft  part  of  their  luftre  ;  but  that  the 
violet  was  fo  much  faded,  that  it  could  not  have  been  known,  if 
it  had  not  been  marked  beforehand.  The  rofe  colour  alfo  had 
nearly  difappeared,  but  the  yellow  and  light  green  were  not 
affedted.* 

Expoling  pieces  of  the  fame  ribbons  to  a  much  greater  degree 
of  heat,  in  a  dark  room,  none  of  the  colours  were  affedted,  ex¬ 
cept  that  a  fmall  part  of  their  luftre  was  loft.  Alfo,  no  fenfible 
change  was  made  in  any  of  them  after  remaining,  for  a  confide- 
rable  time,  in  a  room  that  faced  the  north  j  except  that  the  rofe 
colour  was  lefs  vivid,  -f* 

That  the  air  did  not  contribute  to  this  change  of  colour  was 
manifeft  by  inclofing  them  in  an  exhaufted  receiver  ;  for,  in  this 
fituation,  they  underwent  the  fame  change  of  colour,  when  ex- 
pofed  to  the  light,  as  before.  He  found,  however,  that  he  could 
produce  no  change  in  any  of  the  colours  by  the  light  of  torches, 
even  when  it  was  collected  to  a  focus,  by  very  large  lenfes ;  but 
this  he  attributed  to  the  weaknefs  of  the  light. § 

It  was  conjedtured  by  fome,  that  the  rays  of  the  fun  difperfed 
thofe  parts  of  the  bodies  on  which  the  colours  depended,  but 
Bonzius  obferved,  that  when  his  ribbons  were  expofed  on  white 
paper,  the  colours  vaniflied  from  both  their  fides,  but  that  no¬ 
thing  could  be  found  near  the  places  where  they  had  lain.  J 

Beccarius  himfelf  fufpedted  that  many  other  changes  in  the 
internal  ftrudture  of  bodies  were  made  by  the  light  of  the  fun, 

*  Com.  Bonon,  Vol.  6,  p.  77.  f  lb.  p.  78.  §  lb.  p.  79.  t  Ik- 
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and  he  was  fatisded  that  feveral  fubftances  which  had  the  pro¬ 
perty  of  imbibing  light  were  much  injured  by  them,  in  that  re- 
fpedh  He  found  that  paper,  after  it  had  been  made  red  hot, 
and  cooled  again,  was  an  excellent  phofphorus  of  this  kind;  but  he 
v/as  fatisfied,  notwithftanding  his  firft  fufpicions  to  the  contrary, 
that  it  was  greatly  injured  by  being  expofed  to  the  light.  Hav¬ 
ing  covered  one  part  of  the  fame  piece  of  paper,  while  the  other 
part  was  expofed  to  the  rays  of  the  fun,  for  fome  hours  only ; 
and  then  expoling  the  whole  for  a  very  fhort  time,  that  they 
might  imbibe  the  light,  the  part  which  had  been  covered  was 
very  luminous  in  the  dark,  while  the  other  was  hardly  vidble. 
That  this  change  did  not  arife  from  the  heat  which  it  had  ac- 
quired  by  being  expofed  to  the  fun,  was  evident  by  expofing  ano¬ 
ther  piece,  part  of  which  was  covered  with  black  filk,  in  confe- 
quence  oY  which  it  was  manifeftly  hotter  than  the  part  that  was 
uncovered ;  notwithftanding  which,  the  refult  of  the  experi¬ 
ment  was  the  fame  as  before.* 

The  effedt  was  the  fame  whatever  kind  of  this  phofphorus  he 
made  ufe  of ;  and  for  this  purpofe  he  made  experiments  with  a 
great  variety  of  fubftances,  fome  mineral,  fome  vegetable,  and 
fome  animal.  Alfo  the  ftronger  the  light  was,  and  the  longer 
they  were  expofed  to  it,  the  more  injury  they  received.  The 
difference  of  an  hour  was  very  fenfible,  and  a  much  lefs  fpace  of 
time  when  the  light  was  colle&ed  to  a  focus  by  a  mirror.* 
When  one  piece  of  paper  was  laid  upon  another,  both  of  them 
being  of  a  moderate  thicknefs,  the  upper  was  injured,  but  the 
lower  not ;  but  when  he  made  the  experiment  with  three  pieces, 
of  a  thinner  kind,  two  of  the  uppermoft  were  injured,  but  not 
the  lowed:. 


*  Com.  Bonon.  Vol.  6,  p.  81. 
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The  injury  which  thefe  phofphori  received  from  being  expof- 
ed  to  the  rays  of  the  fun  was  alfo  lafting.  He  kept  one  of  them 
a  whole  year  in  a  dark  room,  but  fufficiently  expofed  to  the  air, 
and  in  all  this  time  it  had  not  recovered  its  former  virtue.  He 
likewife  wafhed  and  dried  it,  and  alfo  expofed  it  to  fumes,  of  e- 
very  kind  that  he  could  think  of ;  but,  whatever  he  did,  he  could 
make  no  improvement  in  it  ;  and  yet  it  had  been  a  moft  excel¬ 
lent  phofphorus  before  it  had  been  injured  by  the  fun.*  This 
furprifed  our  philofopher  very  much,  becaufe  if  any  phofphorus 
had  been  injured  by  heat,  it  was  reftored  by  cold  ;  or  if  it  had 
been  hurt  by  moifture,  it  recovered  its  virtue  as  foon  as  it  was 
.thoroughly  dry. 

4  .  V  :  .»  r. 

CHAPTER  III. 

Of  the  extreme  SUBTILTY  and  MOMENTUM  of 
light,  AND  M.  BOSCOVICH’s  GENERAL  HYPOTHESIS. 

ADMITTING  the  materiality  of  light,  it  mull,  however, 
be  acknowledged,  that  the  particles  of  which  it  confifts 
are  extremely  minute,  and,  notwithftanding  its  amazing  velo¬ 
city,  that  its  momentum  is  very  fmall. 

We  are  obliged  to  Mr.  Melville  above  mentioned  for  fome  in¬ 
genious  illuftralions  concerning  the  extreme  fubtilty  of  light,  or 


*  Com.  Bonon.  Vol.  6,  p.  85. 


the 


> 


384  OBSERVATIONS  CONCERNING  Per.  VI. 

the  ftnallnefs  of  the  particles  of  which  it  confifts,  of  which  few 
perfons,  even  of  thofe  who  admit  the  hypothelis,  have  any  to¬ 
lerable  idea. 

He  obferves  that  there  is,  probably,  no  phyfical  point  in  the 
vifible  horizon,  that  does  not  fend  rays  to  every  other  point,  un- 
lefs  where  opaque  bodies  interpofe.  Light,  in  its  paffiage  from 
one  fyftem  to  another,  often  pafies  through  torrents  of  light,  if- 
fuing  from  other  funs  and  fyftems,  without  ever  interfering,  or 
being  diverted  from  its  courfe,  either  by  it,  or  by  the  particles 
of  that  elaftic  medium,  which  fome  phenomena  give  us  reafon 
to  fuppofe  to  be  diffufed  through  all  the  mundane  fpace.  To  ac¬ 
count  for  this  faff,  and  others  frmilar  to  it,  he  concludes  that 
the  particles  of  which  light  confifts  muft  be  incomparably  rare, 
even  when  they  are  the  moft  denfe ;  that  is,  that  the  femidiame- 
tcrs  of  two  of  the  neareft  particles,  in  the  fame,  or  in  different 
beams,  foon  after  their  emiffion,  are  incomparably  lefs  than  their 
diftance  from  one  another.  Had  M.  Euler,  he  fays,  confidered 
this  extreme  rarity,  as  well  as  tenuity  of  light  (which  muft  be 
acknowledged  by  all  who  fuppofe  that  its  particles  are  actually 
proje&ed  from  the  lucid  body)  he  would  not  have  alledged  that 
this  opinion  is  inconfiftent  with  the  freedom  and  perpetuity  of 
the  celeftial  motions.* 

This  difficulty  concerning  the  non-interference  of  the  par¬ 
ticles  of  light  is  not  folved,  as  he  obferved,  by  fuppoling,  with 
Bofcovich  and  others,  that  each  particle  is  endued  with  an  infu- 
perable  impulfive  force  ;  becaufe,  in  that  cafe,  their  fpheres  of 
impulfion  would  even  be  more  liable  to  interfere,  and  they  would, 
on  that  account,  be  more  likely  to  difturb  one  another.* 

*  Edinb.  EfTays,  Vol.  2,  p.  17.  f  lb.  p  t8. 
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Mr.  Canton,  by  means  of  a  very  eafy  computation,  advances 
a  good  deal  towards  anfwering  the  objection  that  has  often  been 
made  to  the  Newtonian  doctrine  of  light,  from  the  fuppofition 
that,  if  it  confifls  of  real  particles  of  matter,  they  mufl  fre¬ 
quently  impinge  upon  one  another,  and  upon  other  particles, 
when  every  part  of  fpace  mufl  contain  thoufands  of  them.  This 
difficulty,  he  obferves,  will  nearly  vaniffi,  if  a  very  fmall  por¬ 
tion  of  time  be  allowed  between  the  emiffion  of  every  particle 
and  the  next  that  follows  in  the  fame  diredtion.  Suppofe,  for 
inflance,  that  one  lucid  point  of  the  fun’s  furface  emits  one 
hundred  and  fifty  particles  in  one  fecond,  which  are  more  than 
fufficient  to  give  continual  light  to  the  eye,  without  the  leafl  ap¬ 
pearance  of  intermiffion  ;  yet  flill  the  particles  of  which  it  con- 
fifls  will,  on  account  of  their  great  velocity,  be  more  than  a 
thoufand  miles  behind  one  another,  and  thereby  leave  room  e- 
nough  for  others  to  pafs  in  all  directions.* 

It  would  certainly  go  a  great  way  towards  proving  the  materi¬ 
ality  of  the  rays  of  light,  if  it  could  be  obferved  that  they  had 
any  momentum ,  fo  as,  by  their  impulfe,  to  give  motion  to  light 
bodies.  M.  Homberg  imagined  that  he  could  not  only  difperfe 
pieces  of  amianthus,  and  other  light  fub fiances,  by  the  impulfe 
of  the  folar  rays,  but  alfo  that,  by  throwing  them  up¬ 
on  the  end  of  a  kind  of  lever,  connected  with  the  fpring  of  a 
watch,  he  could  make  it  move  fenfibly  quicker,  jufl  as  it  did 
when  it  was  preffed  with  the  end  of  a  flick. L  Thefe  experi¬ 
ments,  the  French  hiflorian  fays,  agree  very  well  with  others 
which  prove  the  'weight  of  the  particles  of  light.  This  he  ad¬ 
vances  not  ironically,  but  very  gravely  and  even  M.  Mufchen- 

*  Phil.  Tranf.  Vol.  58.  p.  344.  f  Ac.  Par.  1708,  H.  p.  25. 
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broek  mentions  thefe  experiments  of  M.  Homberg,  without  in¬ 
timating  any  fufpicion  of  their  inaccurracy.* 

M.  Euler’s  hypothecs  that  the  tails  of  comets  are  vapours 
driven  from  the  fun,  by  the  impulfe  of  thofe  vibrations  of  the 
stherial  medium,  in  which  he  fuppofed  the  rays  of  light  to  con- 
fift,  engaged  M.  Mairan  to  confider  this  fubjedt,  and  to  make 
fome  experiments,  which  induced  him  to  call  in  queftion  the 
fadt  of  this  impulfe.  He  was  aware  that  Hartfocker,  as  well  as 
M.  Homberg,  had  afcribed  extraordinary  effedts  to  this  power, 
but  he  fhews  that  they  were  owing  to  a  current  of  air,  excited 
by  the  heat  of  the  burning  glades,  or  to  fome  other  caufes  which 
were  overlooked  by  thofe  philofophers ;  and  in  order  to  make  an 
experiment  which  might  decide  this  queftion  with  more  circum- 
fpedtion,  he  began  with  trying  the  effedts  of  rays  colledted  by 
lenfes  of  four  and  fix  inches  in  diameter,  and  thrown  upon  the 
needle  of  a  compafs  four  or  fix  inches  long  ;  but  the  refult  was 
nothing  but  fome  tremulous  motions,  from  which  he  could  draw 
no  conclufion.  After  this,  he  and  M.  Du  Fay  conftrudted  a 
kind  of  mill  of  copper,  which  moved  with  an  exceedingly  flight 
impulfe  i  but  though  they  threw  upon  it  the  focus  of  a  lens  of 
feven  or  eight  inches  in  diameter,  they  were  ftill  unable  to  draw 
any  conclufion  from  the  refult. 

M.  Mairan  afterwards  procured  a  horizontal  wheel  of  iron, 
three  inches  in  diameter,  having  fix  radii,  at  the  extremity  of 
each  of  which  was  a  fmall  wing  fixed  obliquely.  The  axis  of 
the  wheel,  which  was  alfo  of  iron,  was  fufpended  by  a  magnet. 
The  wheel  and  the  axis  together  did  not  weigh  more  than  thirty 
grains  but  though  a  motion  was  given  to  this  wheel,  when  the 


*  Introdu&io,  p.  689. 
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focus  of  the  burning  glafs  was  thrown  upon  the  extremities  of 
the  radii,  yet  it  was  fo  irregular,  that  he  could  not  but  conclude 
that  it  was  occalioned  by  the  motion  of  the  heated  air.  He  then 
intended  to  have  made  his  experiment  in  vacuo,  but  he  conclud¬ 
ed  that  it  was  unnecefiary.  For,  befides  the  difficulty  of  mak¬ 
ing  a  vacuum,  he  was  perfuaded  that  there  was  a  thinner  medium 
mixed  with  our  atmofphere  which  freely  penetrates  even  the 
glafs  itfelf,  the  exigence  of  which  he  imagined  that  he  had  fuf- 
ficiently  proved  in  his  treatife  on  the  Aurora  Borealis.* 

Mr.  Michell,  fome  years  ago,  endeavoured  to  afcertain  the 
momentum  of  light  in  a  much  more  accurate  manner  than  thofe 
in  which  M.  Homberg  and  M.  Mairan  had  attempted  it and 
though  his  apparatus  was  difordered  by  the  experiment,  and,  on 
other  accounts,  he  did  not  purfue  it  fo  far  as  he  had  intended,  it 
was  not  wholly  without  fuccefs,  and  the  conclufions  that  may  be 
drawn  from  it  are  curious  and  important. 

The  inftrument  he  made  ufe  of  for  this  purpofe  confifted  of  a 
very  thin  plate  of  copper,  a  little  more  than  an  inch  fquare, 
which  was  fattened  to  one  end  of  a  {lender  harpficord  wire,  a- 
bout  ten  inches  long.  To  the  middle  of  this  wire  was  fixed  an 
agate  cap,  fuch  as  is  commonly  ufed  for  fmall  mariners  com- 
paffes,  after  the  manner  of  which  it  was  intended  to  turn  ;  and 
at  the  other  end  of  the  wire,  was  a  middling  fized  ffiot  corn,  as 
a  counterpoize  to  the  copper-plate.  This  inftrument  had  alfo 
fixed  to  it  in  the  middle,  at  right  angles  to  the  length  of  the 
wire,  and  in  an  horizontal  direction,  a  fmall  bit  of  a  very  {lender 
fewing  needle,  about  one  third,  or  perhaps  half  an  inch  long, 
which  was  made  magnetical.  In  this  flate  the  whole  inftrument 
might  weigh  about  ten  grains.  It  was  placed  upon  a  very  ffiarp 

#  Ac.  Par.  1747,  M.  p.  630. 
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pointed  needle,  on  which  the  agate  cap  turned  extremely  freely  ; 
and,  to  prevent  its  being  difturbed  by  any  motion  of  the  air,  it 
was  included  in  a  box,  the  lid  and  front  of  which  were  of  glafs. 
This  box  was  about  twelve  inches  long,  fix  or  feven  inches  deep, 
and  about  as  much  in  width ;  the  needle  Handing  upright  in  the 
middle. 

At  the  time  of  making  the  experiment,  the  box  was  placed 
in  fuch  a  manner,  that  a  line  drawn  from  the  fun  pafled  at  right 
angles,  to  the  length  of  it ;  and  the  inftrument  was  brought 
to  range  in  the  fame  direction  with  the  box,  by  means  of  the 
magnetical  bit  of  a  needle  abovementioned,  and  a  magnet  pro¬ 
perly  placed  on  the  outfide,  which  would  retain  it,  though  with 
extreamly  little  force,  in  any  fituation.  The  rays  of  the  fun  were 
now  thrown  upon  the  copper-plate  above  mentioned,  from  a  con¬ 
cave  mirror  of  about  two  feet  diameter,  which,  pafling  through 
the  front  glafs  of  the  box,  were  collected  into  the  focus  of  the 
mirror  upon  the  copper  plate.  In  confequence  of  this,  the  cop¬ 
per  plate  began  to  move,  with  a  flow  motion,  of  about  an  inch  in 
a  fecond  of  time,  till  it  had  moved  through  a  fpace  of  about  two 
inches  and  a  half,  when  it  ftruck  againft  the  back  of  the  box. 
The  mirror  being  removed,  the  inftrument  returned  to  its  for¬ 
mer  fituation,  by  means  of  the  little  needle  and  magnet ;  and  the 
rays  of  the  fun  being  then  again  thrown  upon  it,  it  again  began 
to  move,  and  ftruck  againft  the  back  of  the  box  as  before  ;  and 
this  was  repeated  three  or  four  times,  with  the  fame  fuccefs. 

The  inftrument  was  then  placed  the  contrary  way  in  the  box 
to  that  in  which  it  had  been  placed  before,  fo  that  the  end,  to 
which  the  copper-plate  was  affixed,  and  which  had  lain  in  the 
former  experiment  towards  the  right  hand,  now  lay  towards  the 
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left  ;  and  the  rays  of  the  fun  being  again  thrown  upon  it,  it  be¬ 
gan  to  move  with  a  flow  motion,  and  ftruck  againfl:  the  back  of 
the  box  as  before ;  and  this  was  repeated  once  or  twice  with  the 
fame  fuccefs.  But  by  this  time  the  copper-plate  began  to  be  fo 
much  altered  in  its  form,  by  the  extreme  heat  which  it  under¬ 
went  in  each  experiment,  and  which  brought  it  very  nearly  in¬ 
to  a  ftate  of  fufion,  fo  that  it  became  very  much  bent,  and  the 
more  fo,  as  it  had  been,  unwarily,  fupported  by  the  middle,  half 
of  it  lying  above  and  half  below  the  wire,  to  which  it  was  faft- 
ened.  By  this  means  it  now  varied  fo  much  from  the  vertical 
pofltion,  that  it  began  to  adt  in  the  fame  manner  as  the  fail  of  a 
windmill,  being  impelled  by  the  ftream  of  heated  air,  which  mov¬ 
ed  upwards,  with  a  force  fufficient  to  drive  it  in  oppofition  to 
the  impulfe  of  the  rays  of  light.  Not  having  a  mirror  at  his 
own  houfe,  he  did  not  profecute  the  experiment  any  farther ;  as 
it  well  deferves  to  be.  There  feems  to  be  no  doubt,  however, 
but  that  the  motion  abovementioned  is  to  be  afcribed  to  the  im¬ 
pulfe  of  the  rays  of  light.  The  feveral  weights,  meafures,  &c. 
Mr.  Michell  gave  me  only  from  his  memory  but  he  thought 
they  could  not  differ  much  from  the  truth. 

If  we  impute  the  motion  produced  in  the  above  experiment  to 
the  impulfe  of  the  rays  of  light,  and  fuppofe,  that  the  inftru- 
ment  weighed  ten  grains,  and  acquired  a  velocity  of  one  inch  in 
a  fecond,  we  fhall  find  that  the  quantity  of  matter  contained  in 
the  rays  falling  upon  the  inftrument  in  that  time,  amounted  to 
no  more  than  one  twelve  hundred  millionth  part  of  a  grain,  the 
velocity  of  light  exceeding  the  velocity  of  one  inch  in  a  fecond, 
in  the  proportion  of  about  twelve  thoufand  millions  to  one,  for  it 
is  nearly  after  the  rate  of  two  hundred,  thoufand  miles  in  a.  fe¬ 


cond.. 


39° 


OBSERVATIONS  CONCERNING  Per.  VI, 


cond.  Now  the  light  in  the  above  experiment  was  collected 
from  a  furface  of  about  three  fquare  feet,  which  reflecting  only 
about  half  what  falls  upon  it,  the  quantity  of  matter  contained 
in  the  rays  of  the  fun,  incident  upon  a  fquare  foot  and  half  of 
furface,  in  one  fecond  of  time,  ought  to  be  no  more  than  the 
twelve  hundred  millionth  part  of  a  grain,  or  upon  one  fquare 
foot  only,  the  eighteen  hundred  millionth  part  of  a  grain.  But 
the  denfity  of  the  rays  of  light  at  the  furface  of  the  fun  is  greater 
than  at  the  earth  in  the  proportion  of  forty  five  thoufand  to  one  ; 
there  ought,  therefore,  to  iffue  from  one  fquare  foot  of  the  fun’s 
furface  in  one  fecond  of  time,  in  order  to  fupply  the  wafte  by 
light,  one  forty  thoufandth  part  of  a  grain  of  matter,  that  is  a 
little  more  than  two  grains  in  a  day,  or  about  four  millions 
feven  hundred  and  fifty  two  thoufand  grains,  which  is  about  fix 
hundred  and  feventy  pounds  avoirdupois,  in  fix  thoufand  years, 
a  quantity  which  would  have  fhortened  the  fun’s  femidiameter 
no  more  than  about  ten  feet,  if  it  was  formed  of  matter  of  the 
denfity  of  water  only. 

The  eafieft  method  of  folving  all  the  difficulties,  attending  the 
fubjeCt  of  this  feCtion,  and  of  anfwering  M.  Euler’s  objections 
to  the  materiality  of  light,  is  to  adopt  the  hypothefis  of  M. 
Bofcovich,  who  fuppofes  that  matter  is  not  impenetrable,  as  has 
been,  perhaps,  univerfally  taken  for  granted,  but  that  it  confifls  of 
phyfical  points  only,  endued  with  powers  of  attraction  and  re- 
pulfion,  taking  place  at  different  diftances  ;  that  is,  furrounded 
with  various  fpheres  of  attraction  and  repulfion,  in  the  fame 
manner  as  folid  matter  is  generally  fuppofed  to  be  :  Provided, 
therefore,  that  any  body  move  with  a  fufficient  degree  of  velo¬ 
city,  or  have  fufficient  momentum ,  to  overcome  any  powers  of  re¬ 
pulfion 
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pulfion  that  it  may  meet  with,  it  will  find  no  difficulty  in  mak¬ 
ing  its  way  through  any  body  whatever  ;  for  nothing  will  inter¬ 
fere,  or  penetrate  one  another,  but  powers ,  fuch  as  wre  know, 
do,  in  faCt,  exifi:  in  the  fame  place,  and  counterbalance,  or  over¬ 
rule  one  another ;  a  circumftance  which  never  had  the  appear¬ 
ance  of  a  contradiction,  or  even  of  a  difficulty. 

If  the  momentum  of  fuch  a  body  in  motion  be  fufficiently 
great,  M.  Bofcovich  demonftrates  that  the  particles  of  any  body 
through  which  it  paffes,  will  not  even  be  moved  out  of  their 
place  by  it.  With  a  degree  of  velocity  fomething  lefs  than  this, 
they  will  be  confiderably  agitated,  and  ignition  might  perhaps  be 
the  confequence,  though  the  progrefs  of  the  body  in  motion 
would  not  be  fenfibly  interrupted  and  with  a  ftill  lefs  momen¬ 
tum,  it  might  not  pafs  at  all.* 

This  theory  M.  Bofcovich  has  taken  a  great  deal  of  pains  to 
draw  out  at  full  length,  and  illuftrate  ;  ffiewing  that  it  is  by  no 
means  inconfiftent  with  any  thing  that  we  know  concerning  the 
laws  of  mechanics,  or  our  difcoveries  in  natural  philofophy  ;  and 
that  a  great  variety  of  phenomena,  particularly  thofe  which  refpeCt 
light,  admit  of  a  much  eafier  folution  upon  this  hypothefis  than 
any  other. 

The  moft  obvious  difficulty,  and,  indeed,  almofi:  the  only  one 
that  attends  this  hypothefis,  as  it  fuppofes  the  mutual  penetrabili¬ 
ty  of  matterf  arifes  from  the  idea  we  have  formed  of  the  nature 
of  matter,  and  the  difficulty  we  meet  with  in  attempting  to  force 
two  bodies  into  the  fame  place.  But  it  is  demonftrable  that  the 
firft  obftruCtion  arifes  from  no  aClual  contaCt  of  matter,  but  from 
mere  powers  of  repulfion.  This  difficulty  we  can  overcome 

•  Theoria  Philofophiae  Naturalis,  p.  167. 
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and  having  got  within  one  fphere  of  repulfion,  we  fancy  that  we 
are  now  impeded  by  the  folid  matter  itfelf.  But  the  very  fame 
is  the  apprehenfion  of  the  generality  of  mankind  with  refpedt  to 
the  firft  obdrudtion.  Why,  therefore,  may  not  the  next  be  on¬ 
ly  another  fphere  of  repulfion,  which  may  only  require  a  greater 
force  than  we  can  apply  to  overcome  it,  without  difordering  the 
arrangement  of  the  condituent  particles,  but  which  may  be  over¬ 
come  by  a  body  moving  with  the  amazing  velocity  of  light. 

This  ingenious  hypothesis,  at  lead:,  one  that  is  the  fame  in  e- 
very  thing  effential,  occurred  alfo  to  my  friend  Mr.  Michell,  in 
a  very  early  period  of  his  life,  without  his  having  had  any  com¬ 
munication  with  M.  Bofcovich,  or  even  knowing  that  there  was 
fuch  a  perfon.  Thefe  two  philofophers  had  even  hit  upon  the 
fame  indances,  to  confirm  and  illudrate  their  hypothefes,  efpe- 
cially  thofe  relating  to  contact,  light,  and  colours. 

This  fcheme  of  the  immateriality  of  matter ,  as  it  may  be  called, 
or  rather  the  mutual  penetration  of  matter ,  firft  occurred  to  Mr. 
Michell  on  reading  Baxter  on  the  immateriality  of  the  foul.  He  found 
that  this  author’s  idea  of  matter  was,  that  it  confided,  as  it  were, 
of  bricks,  cemented  together  by  an  immaterial  mortar.  Thefe 
bricks,  if  he  would  be  confident  to  his  own  reafoning,  were  a- 
gain  compofed  of  lefs  bricks,  cemented,  likewife,  by  an  imma¬ 
terial  mortar,  and  fo  on  ad  infinitum .  This  putting  Mr.  Michell 
upon  the  confideration  of  the  feveral  appearances  of  nature,  he 
began  to  perceive  that  the  bricks  were  fo  covered  with  this  im¬ 
material  mortar,  that  if  they  had  any  exidence  at  all,  it  could 
not  poflibly  be  perceived,  every  effett  being  produced,  at  lead, 
in  nine  indances  in  ten  certainly,  and  probably  in  the  tenth  alfo, 
by  this  immaterial,  fpiritual,  and  penetrable  mortar.  Indead, 
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therefore,  of  placing  the  world  upon  the  giant,  the  giant  upon 
the  tortoife,  and  the  tortoife  upon  he  could  not  tell  what,  he 
placed  the  world  at  once  upon  itfelf ;  and  finding  it  fill  necef- 
fary,  in  order  to  folve  the  appearances  of  nature,  to  admit  of  ex¬ 
tended  and  penetrable  immaterial  fubftance,  if  he  maintained 
the  impenetrability  of  matter,  and  obferving  farther,  that  all  we 
perceive  by  contact,  &c.  is  this  penetrable  immaterial  fubftance, 
and  not  the  impenetrable  one,  he  began  to  think  he  might  as 
well  admit  of  penetrable  material ,  as  well  as  penetrable  immaterial 
fubftance  >  efpecially  as  we  know  nothing  more  of  the  nature  of 
fubftance ,  than  that  it  is  fomethi ng  which  fupports  properties , 
which  properties  may  be  whatever  we  pleafe,  provided  they  be 
not  inconfiftent  with  each  other,  that  is,  do  not  imply  the  abfence 
of  each  other.  This  by  no  means  feemed  to  be  the  cafe  in  fup- 
pofing  two  fubftances  to  be  in  the  fame  place  at  the  fame  time, 
without  excluding  each  other ;  the  objection  to  which  is  only 
derived  from  the  refiftance  we  meet  with  to  the  touch,  and  is  a 
prejudice  that  has  taken  its  rife  from  that  circumftance,  and  is 
not  unlike  the  prejudice  againft  the  Antipodes ,  derived  from  the 
conftant  experience  of  bodies  failing,  as  we  account  it,  down¬ 
wards. 

I  hope  I  fhall  be  excufed  dwelling  fo  long  on  this  hypothefis, 
on  account  both  of  the  novelty  and  importance  of  it,  efpecially 
with  refpedt  to  the  phenomena  of  light.  If  I  were  to  make  any 
alteration  in  it,  it  would  be  to  fuppofe  the  force  of  the  fphere  of 
repulfion,  next  to  any  of  the  indivifible  points  which  constitute 
what  we  call  folid  bodies,  not  to  be  abfolutely  infinite ,  but  fuch 
as  may  be  overcome  by  the  momentum  of  light,  which  will  ob¬ 
viate  the  objection  of  Mr.  Melville  above  mentioned.  If,  how- 
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ever,  we  confider  that  M.  Bofcovich  makes  this  neareft  power 
of  repulfion  not  to  extend  to  any  real  fpace,  but  to  be  confined 
to  the  indivifible  point  itfelf,  it  may  appear  to  be  fufficient 
for  the  purpofe  ;  fince  the  chance  of  fuch  points  impinging  upon 
one  another  is  fo  little,  that  it  needs  not  to  be  confidered  at  all. 


SECTION  II. 


Observations  concerning  the  VELOCITY  OF  LIGHT. 


THIS  period  of  my  hiftory  produced  a  remarkable  confir¬ 
mation  of  the  difcovery  of  M.  Roemer,  concerning  the 
fucceflive  propagation  of  light,  and  likewife  a  proof  that  the  ve¬ 
locity  of  light  is  the  fame  after  reflexion  as  after  its  firfl:  emiflion. 
Like  many  other  great  difcoveries,  this  was  made  when  the  au¬ 
thor  was  in  purfuit  of  fomething  elfe,  and  a  thing  of  a  very  dif¬ 
ferent  nature.  It  is  alfo  pleafing  to  obferve  the  fucceflion  of  hy- 
pothefes  that  occurred  to  the  ingenious  difcoverer  in  the  courfe 
of  this  inquiry. 

Dr.  Bradley,  aftronomer  royal,  and  his  friend  Mr.  Molyneux, 
thinking  to  verify  fome  obfervations  of  Dr.  Hooke,  concerning 
the  parallax  of  the  fixed  ftars,  obferved  the  flar  y.  Draconis, 
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at  Kew,  on  the  20th  of  December  1725,  and  found  that  it  ap¬ 
peared  more  foutherly  than  it  had  done  at  the  beginning  of  the 
fame  month  and  the  month  preceding.  This  furprifed  them, 
and  the  more  fo,  as  it  was  the  contrary  way  from  what  it  would 
have  been,  had  it  proceeded  from  an  annual  parallax.  But  being 
pretty  well  fatisfied  that  it  could  not  be  intirely  owing  to  the  want 
of  exadlnefs  in  the  obfervations,  and  having  no  notion  of  any 
thing  elfe  that  could  caufe  fuch  an  apparent  motion  as  this  in  the 
ftar,  they  began  to  think  that  fome  change  in  the  materials,  &c.  of 
the  inftrumentitfelf  mighthave  occafioned  it.  In  this  perfuafion 
they  remained  fome  time  ;  but  being  at  length  fully  convinced, 
by  feveral  trials,  of  the  great  exadtnefs  of  the  inftrument ;  and 
finding,  by  the  gradual  increafe  of  the  difiance  of  the  ftar  from 
the  pole,  that  there  muft  be  fome  regular  caufe  that  produced  it, 
they  took  care  to  examine  nicely,  at  the  time  of  each  obferva- 
tion,  how  much  it  was  ;  *  and,  after  feveral  obfervations  for  that 
purpofe,  the  firft  hypothefis  that  occurred  them  was,  that  it  was 
occafioned  by  the  nutation  of  the  earth’s  axis ;  but  this  was  foon 
found  to  be  infufficient.  They  alfo  found  that  it  did  not  depend 
upon  any  variety  of  the  feafons  of  the  year,  meaning  probably 
the  variation  of  the  ftate  of  the  atmofphere;  and  comparing  their 
obfervations  upon  two  ftars  together,  it  appeared  that  the  appa¬ 
rent  differences  of  declination  from  the  maxima  vere  always 
nearly  proportional  to  the  verfed  fine  of  the  fun’s  difiance  from 
the  equinodlial  points.  This  was  an  inducement  to  think  that 
the  caufe,  whatever  it  was,  had  fome  relation  to  the  fituation  of 
the  fun  with  refpe£t  to  thofe  points.  But  not  being  able  to  frame 
any  hypothefis,  at  that  time,  fuflicient  to  folve  all  the  phaenome- 
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na,  and  being  very  defirous  to  fearch  a  little  farther  into  this 
matter.  Dr.  Bradley  began  to  think  of  ere&ing  an  inftrument 
for  himfelf  at  Wanfted  ;  that,  having  it  always  at  hand,  he 
might,  with  the  more  eafe  and  certainty,  inquire  into  the  laws 
of  this  new  motion. 

He  had  not  been  long  in  obferving,  before  he  perceived  that  the 
notion  he  had  before  entertained,  of  the  ftars  being  fartheft  north 
and  fouth,  when  the  fun  was  about  the  equinoxes,  was  only  true 
of  thofe  that  were  near  the  folftitial  colure ;  and  after  he  had 
continued  his  obfervations  a  few  months,  he  difcovered  what  he 
then  apprehended  to  be  a  general  law,  obferved  by  all  the  ftars, 
viz.  that  each  of  them  became  Rationary,  or  was  fartheft  North 
or  South  when  they  pafted  over  his  zenith,  at  fix  of  the  clock, 
cither  in  the  morning  or  the  evening.  He  perceived,  likewife, 
that  whatever  fituation  the  ftars  were  in,  with  refpedt  to  the  car¬ 
dinal  points  of  the  ecliptic,  the  apparent  motion  of  every  one 
tended  the  fame  way,  when  they  pafted  his  inftrument  about  the 
fame  hour  of  the  day  or  night  for  they  all  moved  fouthward 
while  they  pafted  in  the  day,  and  northward  in  the  night ;  fo 
that  each  was  fartheft  North,  when  it  came  about  fix  of  the  clock 
in  the  evening,  and  fartheft  South  when  it  came  about  fix  in  the 
morning. 

Examining  the  matter  more  particularly,  he  found  that  the 
greateft  alteration  of  declination  in  thefe  ftars  was  as  the  fine  of 
the  latitude  of  each  refpedtively.  This  made  him  fufpedl  that 
there  might  be  the  like  proportion  between  the  maxima  of  other 
ftars  ;  but  finding  that  the  obfervations  of  fome  of  them  would 
not  perfe&ly  correfpond  with  fuch  an  hypothefis,  and  not  know¬ 
ing  whether  the  fmall  difference  he  met  with  might  not  be  ow¬ 
ing 
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in°-  to  the  uncertainty  and  error  of  the  obfervations,  he  deferred 
the  farther  examination  into  the  truth  of  this  hypothefis,  till  he 
fhould  be  furnifhed  with  a  feries  of  obfervations,  made  in  all 
parts  of  the  year  ;  which  might  enable  him  not  only  to  deter¬ 
mine  what  errors  the  obfervations  were  liable  to,  or  how  far  they 
might  be  fafely  depended  upon,  but  alfo  to  judge  whether  there 
had  been  any  fenfible  change  in  the  parts  of  the  inftrument  itfelf. 

Upon  thefe  confiderations  he  laid  afide  all  thoughts  at  that  time 
about  the  caufe  of  the  fore-mentioned  phenomena ;  hoping  that 
he  fhould  the  more  eafily  difcover  it,  when  he  was  better  pro¬ 
vided  with  proper  means  to  determine  more  precifely  what  they 
were. 

When  the  year  was  completed,  he  began  to  examine  and 
compare  his  obfervations ;  and  having  pretty  well  fatisfied  him- 
felf  as  to  the  general  laws  of  the  phenomena,  he  endea¬ 
voured  to  find  out  the  caufe  of  them.  He  was  already  convinced 
that  the  apparent  motion  of  the  ftars  was  not  owing  to  a  nutation 
of  the  earth’s  axis.  The  next  thing  that  offered  itfelf  was  an 
alteration  in  the  direction  of  the  plumb  line  with  which  the  in¬ 
ftrument  was  conftantly  rectified,  but  this,  upon  trial,  proved  in- 
fuflicient.  Then  he  confidered  what  refraction  might  do,  but 
here  alfo  nothing  fatisfaCtory  occurred.  At  laft  he  conjectured 
that  all  the  phenomena  hitherto  mentioned  proceeded  from  the 
progreflive  motion  of  light,  and  the  earth’s  annual  motion  in  its 
orbit.  For  he  perceived  that  if  light  was  propagated  in  time, 
the  apparent  place  of  a  fixed  objeCt  would  not  be  the  fame  when 
the  eye  is  at  reft,  as  when  it  is  moving  in  any  other  direction  than 
that  of  the  line  palling  through  the  eye  and  the  objeCt,  and  that 
when  the  eye  is  moving  in  different  directions,  the  apparent  place  of 
the  objeCt  would  be  different.  He. 
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He  confidered  this  matter  in  the  following  manner  :  He  ima¬ 
gined  CA,  fig.  103,  to  be  a  ray  of  light  falling  perpendicularly 
upon  the  line  BD  ;  that,  if  the  eye  is  at  reft  at  A,  the  object 
muft  appear  in  the  diredtion  AC,  whether  light  be  propagated 
in  time  or  in  an  inftant.  But  if  the  eye  is  moving  from  B  to¬ 
wards  A,  and  light  is  propagated  in  time,  with  a  velocity  that 
is  to  the  velocity  of  the  eye,  as  CA  to  BA,  then  light,  moving 
from  C  to  A,  whilft  the  eye  moves  from  B  to  A,  that  particle  of 
it  by  which  the  object  will  be  difcerned  when  the  eye  comes  to 
A,  is  at  C  when  the  eye  is  at  B.  Joining  the  points  B,C,  he 
fuppofed  the  line  CB  to  be  a  tube,  inclined  to  the  line  BD  in  the 
angle  DEC,  of  fuch  a  diameter  as  to  admit  but  one  particle  of 
light.  Then  it  was  eafy  to  conceive,  that  the  particle  of  light 
at  C,  by  which  the  objedt  muft  be  feen,  when  the  eye,  as  it 
moves  along,  arrives  at  A,  would  pafs  through  the  tube  BC,  if 
it  is  inclined  to  BD  in  the  angle  DBC,  and  accompanies  the  eye 
in  its  motion  from  B  to  A  ;  and  that  it  could  not  come  to  the 
eye  placed  behind  fuch  a  tube,  if  it  had  any  other  inclination  to 
the  line  BD.  If,  inftead  of  fuppoling  CB  fo  fmall  a  tube,  we 
imagine  it  to  be  the  axis  of  a  larger ;  then,  for  the  fame  reafon, 
the  particle  of  light  at  C  would  not  pafs  through  that  axis,  un- 
lefs  it  is  inclined  to  BD  in  the  angle  CBD.  In  like  manner,  if 
the  eye  moved  the  contrary  way,  from  D  towards  A,  with  the 
fame  velocity,  then  the  tube  muft  be  inclined  in  the  angle  BDC. 
Although,  therefore,  the  true,  or  real  place  of  an  objedt  is  per¬ 
pendicular  to  the  line  in  which  the  eye  is  moving,  yet  the  vifible 
place  will  not  be  fo,  ftnce  that,  no  doubt,  muft  be  in  the  direc¬ 
tion  of  the  tube  ;  but  the  difference  between  the  true  and  appa¬ 
rent  place  will  be,  cceteris  paribus,  greater  or  lefs,  according  to 
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the  different  proportion  between  the  velocity  of  light  and  that  of 
the  eye.  So  that  if  we  could  fuppofe  that  light  was  propagated 
in  an  inftant,  then  there  would  be  no  difference  between  the  real 
and  vilible  place  of  an  object,  although  the  eye  were  in  motion; 
for  in  that  cafe,  AC  being  infinite  with  refpedt  to  AB,  the  angle 
ACB,  the  difference  between  the  true  and  vilible  place,  vanifhes. 
But  if  light  be  propagated  in  time,  it  is  evident,  from  the  fore¬ 
going  confiderations,  that  there  will  be  always  a  difference  be  ¬ 
tween  the  real  and  vilible  place  of  an  object,  unlefs  the  eye  is 
moving  either  diredtly  towards  or  from  the  objedh  And  in  all 
cafes  the  fine  of  the  difference,  between  the  real  and  vilible  olace 

JL 

of  the  objedtwill  be  to  the  fine  of  the  vilible  inclination  of  the 
objedt  to  the  line  in  which  the  eye  is  moving,  as  the  velocity  of 
the  eye  is  to  the  velocity  of  light. 

He  then  fhews,  that  if  the  earth  revolve  round  the  fun  an¬ 
nually,  and  the  velocity  of  light  be  to  the  velocity  of  the  earth’s 
motion  in  its  orbit,  as  one  thoufand  to  one,  that  a  liar  really  placed 
in  the  very  pole  of  the  ecliptic  would,  to  an  eye  carried  along 
with  the  earth,  feem  to  change  its  place  continually ;  and  neg¬ 
lecting  the  fmall^difference  on  the  account  of  the  earth’s  diurnal 
revolution  on  its  axis,  would  feem  to  defcribe  a  circle  round  that 
pole  every  way  diftant  from  it  3 '  4- ;  fo  that  its  longitude  would 
be  varied  through  all  the  points  of  the  ecliptic  every  year,  but 
its  latitude  would  always  remain  the  fame.  Its  right  afcenfion 
would  alfo  change,  and  its  declination,  according  to  the  diffe- 
rentfituation  of  the  fun  with  refpedt  to  the  equinodtial  points,  and 
its  apparent  diftance  from  the  north  pole  of  the  equator,  would 
be  7 '  lefs  at  the  autumnal  than  at  the  vernal  equinox. 
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The  greateft  alteration  of  the  place  of  a  ftar  in  the  pole  of  the 
ecliptic,  or  which,  in  effect,  amounts  to  the  fame  thing,  the  pro¬ 
portion  between  the  velocity  of  light  and  the  earth's  motion  in 
its  orbit  being  known,  it  will  not  be  difficult,  he  obferves,  to  find 
what  would  be  the  difference,  upon  this  account,  between  the 
true  and  apparent  place  of  any  other  ftar  at  any  time  ;  and,  on 
the  contrary,  the  difference  between  the  true  and  apparent  place 
being  given,  the  proportion  between  the  velocity  of  light  and  the 
earth’s  motion  in  its  orbit  may  be  found. 

Now  fince  the  apparent  declination  of  7  Draconis,  on  account 
of  the  fucceffive  propagation  of  light,  would  be  to  the  diameter 
of  the  little  circle  which  a  ftar  would  feem  to  defcribe  about  the 
pole  of  the  ecliptic  as  39^  to  40^,  4;  the  half  of  this  is  the 
angle  ACB.  This,  therefore,  being  20",  2,  AC  will  be  to  AB, 
that  is  the  velocity  of  light  will  be  to  the  velocity  of  the  eye  (which  in 
this  cafe  may  be  fuppofed  the  fame  as  the  velocity  of  the  earth’s 
annual  motion  in  its  orbit)  as  102 10  to  one;  from  whence  it 
will  follow  that  light  moves,  as  far  as  from  the  fun  to  the  earth 
in  8 7  12".  This,  Dr.  Bradley  obferves, is  very  probably  the  truth, 
becaufe  it  is  a  medium  between  7  and  1 1 ,  which  were  the  times 
which  it  had  before  been  fuppofed  to  take  up,  according  to  different 
obfervations  of  the  eclipfes  of  Jupiter’s  fatellites.  Compar¬ 
ing  his  obfervations  on  other  ftars,  he  afterwards  concluded  that 
light  is  propagated  from  the  fun  to  the  earth  in  8'  13' 7  and  the 
near  agreement  of  his  obfervations  induced  him  to  think  that  this 
fuppofition  could  not  differ  fo  much  as  a  fecond  of  a  degree  from 
the  truth;  fo  that  the  time  which  light  fpends  in  paffing  from  the 
fun  to  us  may  be  determined  by  thefe  obfervations  within  5"  or 
10  7/,  which  is  fuch  a  degree  of  exadnefs  as  we  can  never  hope 
to  attain  from  the  eclipfes  of  Jupiter’s  fatellites. 
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Thefe  different  methods  thus  agreeing  in  the  refult,  he 
thought  he  might  reafonably  conclude,  not  only  that  thefe  phe¬ 
nomena  are  owing  to  the  caufes  to  which  he  had  afcribed  them, 
but  alfo  that,  in  the  fame  medium,  light  is  propagated  with  the 
fame  velocity  after  it  has  been  reflected  as  before.  For  this  will 
be  the  confequence,  if  it  be  allowed  that  the  light  of  the  fun  is 
propagated  with  the  fame  velocity  before  it  is  reflected  as  the 
light  of  the  fixed  flars  ;  which  will  hardly  be  queflioned,  if  it 
can  be  made  to  appear  that  the  velocity  of  the  light  of  all  the 
fixed  flars  is  equal,  and  that  their  light  moves  through  equal 
fpaces  in  equal  times,  at  all  diflances  from  them  ;  and  both 
thefe  he  thought  were  fufficiently  proved  from  the  apparent  al¬ 
teration  of  the  declination  of  flars  of  different  luflre  ;  for  that 
is  not  fenfibly  different  in  fuch  flars  as  feem  near  together,  though 
they  appear  of  very  different  magnitudes.  Whatever  their  fitua- 
tions  were,  he  found  that,  according  to  the  foregoing  hypothe- 
fis,  the  velocity  of  light  from  flars  of  the  fifth  or  fixth  magni¬ 
tude,  was  the  fame  as  from  thofe  of  the  fecond  or  third,  which, 
in  all  probability,  are  placed  at  very  different  diflances  from  us. 

Mr.  Melville  thought  it  probable,  that  differently  coloured 
rays  might  be  affeCted  with  different  velocities  at  their  emiflion 
from  the  luminous  body,  and  that  this  hypothefis  was  on  feveral 
accounts,  preferable  to  Newton’s  fuppofition,  that  they  are  par¬ 
ticles  of  different  fizes  or  denfities.  Their  different  refrangibi- 
lity,  he  obferves,  will  be  the  very  fame  upon  this  hypothefis, 
and  their  different  velocities  will  be  nearly  as  the  fines  of  re¬ 
fraction  out  of  air  into  glafs,  beginning  from  the  extreme  red 
and  ending  with  the  extreme  violet,  viz.  as  78000,  77873, 
77797*  77663,  77496,  77330,  77220,  77000,  the  fine  of  in¬ 
cidence  being  1201 20. 
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This  hypothecs  he  thought  moil  agreeable  to  Newton’s  fup- 
pofition  of  the  fits  of  eafy  reflexion  and  tranfmifllon  being  oc- 
cafloned  by  the  pulfes  of  the  medium  through  which  they  pafs, 
as  thefe  pulfes  would  overtake  rays,  moving  with  different  velo¬ 
cities,  at  different  times. 

To  the  objection  that  the  different  fenfations  excited  in  the 
mind  cannot  arife  from  the  different  force  of  the  particles  of 
light,  fince  the  colour  of  homogeneous  rays  is  not  altered  by 
pafling  through  different  mediums,  though  their  velocity  be 
thereby  always  increafed  or  diminifhed,  he  replies  that  every  ray, 
as  it  muft  at  laft  pafs  through  the  humours  of  the  eye,  in  order 
to  viflon,  falls  upon  the  retina  with  one  given  velocity,  whatever 
number  of  refradtions  it  has  previoufly  undergone  ;  fince  the  ve¬ 
locity  of  any  ray  in  any  one  medium  is  to  its  velocity  in  any  o- 
ther  medium,  in  a  conflant  and  invariable  proportion. 

Laflily,  this  gentleman  propofes  a  trial  of  his  hypothefis  by  an 
experiment ;  for  fince,  according  to  this  fuppofition,  the  time 
which  the  extreme  violet  rays  take  to  move  through  any  fpace 
are  to  that  which  the  red  takes  as  78  to  77  j  the  lafb  violet  light 
which  a  fatellite  reflects  before  its  total  immerflon  into  the  fhadow 
of  Jupiter  ought  to  affedt  the  eye  32  feconds  after  the  red  light, 
reflected  at  the  fame  time,  is  gone ;  and  at  the  emerfion,  there 
would  be  a  contrary  fucceflion  of  colours,  beginning  with  red, 
and  ending  with  white  ;  and  the  difference  of  time  between  the 
arrival  of  the  different  coloured  rays  being  more  than  half  a  mi¬ 
nute,  there  might  be  fufRcient  time  to  make  the  obfervation. 

The  Marquis  De  Courtivron,  in  a  treatife  published  in  1752, 
advanced  the  fame  opinion  with  Mr.  Melville  concerning  the 
caufe  of  the  different  refrangibility  of  the  rays  of  light,  and 
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even  propofed  the  fame  trial  of  his  hypothecs,  viz.  by  obferv- 
ing  the  eclipfes  of  Jupiter’s  fatellites ;  but  whereas  Mr.  Mel¬ 
ville  fuppofed  that  the  velocity  of  the  red  light  exceeds  that  of 
the  violet  only  T7  of  the  whole  time  of  their  paffage,  the  Mar¬ 
quis,  making  ufe  of  a  theorem  of  M.  Clairaut  (in  his  invefliga- 
tion  of  the  curve  defcribed  by  a  ray  of  light  on  any  hypothecs 
of  the  attractive  power)  found  that  the  difference  ought  to  be 
as  44  to  45.  But  fince,  as  Mr.  Clairaut  informs  us,  Mr.  Short’s 
obfervations  led  him  to  conclude  the  phenomena  by  no  means  a- 
greed  even  with  M.  Melville’s  hypothecs,  they  were  flill  more 
conclulive  againft  that  of  the  Marquis,  which  fuppofes  the  dif¬ 
ference  of  velocity  to  be  greater.* 

In  the  courfe  of  M.  Clairaut’s  inquiry,  concerning  Mr.  Hol¬ 
land’s  improvements  in  telefcopes,  he  examines  an  hypothecs 
which  makes  the  different  refrangibility  of  the  rays  of  light  to 
depend  upon  their  different  velocities,  but  he  found  that  the  re¬ 
fractions  which  would  refult  from  this  principle  were  very  dif¬ 
ferent  from  thofe  which  actually  take  place  in  nature. 

Mr.  Melville  alfo  queftions  whether  light  be  emitted  with  the 
fame  velocity  in  whatever  medium  the  luminous  body  be  placed, 
and  fuppofes  that  the  velocity  may  be  greater  in  denfer  mediums, 
and  that  in  proportion  to  their  refraCtive  powers.  The  fame  ar¬ 
gument,  he  fays,  from  whence  we  gather  in  general  the  equal 
velocity  of  light  emitted  by  all  forts  of  luminous  bodies  feems 
to  prove  the  truth  of  the  latter  fuppofition.  For  fince  rays  of 
any  one  colour,  from  the  fun  and  a  candle,  for  inflance,  are 
equally  refraCted  by  a  furface  of  glafs  or  water,  we  may  conclude 
that  their  velocities  in  air  are  equal.  Wherefore  if  the  denkty 


*  Phil.  Tranf.  Vol.  48.  p.  777.  f  Ac.  Par.  1756,  H.  p.  19+. 
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of  the  fun’s  atmofphere  contiguous  to  his  furface  be  different 
from  the  denfity  of  our  lower  air,  as  may  be  fafely  prefumed,  his 
rays  mufl  have  been  emitted  with  more  or  lefs  velocity  than  that 
of  the  candle ;  otherwife  they  could  not  have  the  fame  velocity 
afterwards  in  any  common  medium,  for  the  velocity  with  which 
any  ray  is  emitted  is,  by  the  laws  of  refraction,  to  its  velocity  in 
any  given  medium,  as  the  fine  of  refradtion  to  the  fine  of  inci¬ 
dence,  when  a  ray  paffes  from  the  medium  of  emiflion  into  the 
given  medium. 

M.  Mufchenbroeck  argues  that,  fince  the  red  rays  have  a  lefs 
degree  of  refrangibility  they  move  more  flowly  than  the  reft,  af¬ 
ter  their  reparation  from  the  other  colours,  though  he  is  com¬ 
pelled,  by  aftronomical  obfervations,  to  acknowledge,  that  when 
they  are  mixed  with  the  other  rays,  in  one  beam,  they  move  with 
equal  velocity.  He  does  not,  however,  think  that  the  colour 
depends  upon  the  velocity,  becaufe,  fince  this  changes  with  the 
medium  through  which  the  rays  are  tranfmitted,  the  colour  of 
the  fame  rays  would  change  in  thofe  circumflances.  *  But  he 
did  not  confider,  viz.  the  obfervation  above  mentioned  of  Mr. 
Melville,  that  whatever  mediums  any  ray  may  pafs  through, 
fince  it  mull,  after  all,  be  tranfmitted  through  the  fame  hu¬ 
mours  of  the  eye,  it  will  arrive  at  the  retina  with  the  fame  velo¬ 
city  ;  and  that  nothing  but  a  change  in  the  refraCtive  power  of 
the  humours  of  the  eye  can  afcertain  the  truth  of  this  hypothecs. 

I  fhall  conclude  this  feCtion  with  obferving  that  the  experir 
fnents  of  Mr.  Dollond,  which  will  be  recited  hereafter,  clearly 
prove  that  the  different  refrangibility  of  the  rays  of  light  de¬ 
pends  upon  properties  that  are  independent  of  different  velocity ; 

*  Introdu&io,  Vol.  2,  p.  725. 


fince 


Sec.  III. 


THE  VELOCITY  OF  LIGHT. 


405 

fince  the  proportion  of  it  varies  according  to  the  nature  of  the 
fubftance  it  falls  upon.  The  fame  isalfo  manifeft  from  the  con- 
fideration,  that  the  diflances  at  which  differently  coloured  rays 
are  attracted  and  repelled  are  different. 


SECTION  III. 

- .  .  r 

Observations  and  discoveries  concerning  the  RE¬ 
FLEXION  OF  LIGHT. 

CHAPTER  I. 

1  *  ‘  .  I  *  . '  <  '  J  '  ’  ’  J  1 

Observations  on  the  reflexion  of  light  at  the 

SURFACES  OF  BODIES. 


TH  E  mofl  valuable  materials  with  which  I  can  prefent 
my  reader  on  the  fubjedl  of  this  fedtion  are  furnifhed  by 
M.  Bouguer,  the  fame  perfon  that  accompanied  M.  Ulloa,  Con- 
damine,  and  others,  to  meafure  a  degree  of  latitude  upon  the 
equator,  and  who  publifhed  an  account  of  that  voyage.  No 
philofopher  fince  the  time  of  Sir  Ifaac  Newton  has  given  fo  much 
attention  to  the  fubjedt  of  light  as  M.  Bouguer  ;  and,  next  to 
thofe  of  that  great  philofopher,  his  labours  feem  to  have  beea 
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the  mod  fuccefsful.  The  objedt  of  his  curious  and  elaborate  ex¬ 
periments  was  to  meafure  the  degrees  of  light  whether  emitted, 
reflected,  or  refracted,  by  different  bodies.  They  were  origi¬ 
nally  occafioned  by  an  article  of  M.  Mairan’s  in  the  memoirs  of 
the  French  academy  for  1721,  in  which  the  proportion  of  the 
light  of  the  fun  at  the  two  fol dices  was  fuppofed  to  be  known, 
and  his  laudable  attempt  to  verify  what  had  been  before  taken 
for  granted,  fuggeded  a  variety  of  new  experiments,  and  open¬ 
ed  to  him  and  to  the  world,  a  new  field  of  optical  knowledge. 
His  fil'd  production  upon  this  fubjedt  was  a  treatife  intitled  EJJhi 
id ’  Optique ,  which  was  received  with  general  approbation.  Af¬ 
terwards,  giving  more  attention  to  this  fubjedt,  he  formed  an 
idea  of  a  much  larger  work,  to  which  many  more  experiments 
were  neceliary  ;  but  he  was  prevented,  by  a  variety  of  interrup¬ 
tions,  from  executing  his  defign  fo  foon  as  he  had  propofed ;  and 
he  had  hardly  completed  it  at  the  time  of  his  death,  in  1758  ; 
fo  that  we  are  obliged  to  his  friend  M.  De  la  Caille,  for  the  care 
of  the  publication.  At  length,  however,  it  was  printed  at  Paris, 
in  1760,  under  the  title  of  Eraite  /  Optique. 

At  the  entrance  upon  this  treatife,  we  are  induced  to  form  the 
mod  pleafing  expeditions  from  our  author’s  experiments,  by  his 
account  of  the  variety  the  fingular  accurracy,  and  circumfpedtion, 
with  which  he  made  them  ;  whereby  he  mud,  to  all  appear¬ 
ance,  have  guarded  againd  every  avenue  to  error,  and  particular¬ 
ly  againd  thofe  objedtions  to  which  the  few  attempts  that  had 
been  made,  of  a  fimilar  nature,  before  him,  had  been  liable. 
In  order  to  compare  different  degrees  of  light,  he  always  con¬ 
trived  to  place  the  bodies  from  which  it  proceeded,  or  other  bo¬ 
dies  illuminated  by  them,  in  fuch  a  manner,  as  that  he  could 
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view  them  diftin&ly  at  the  fame  time  ;  and  he  either  varied  the 
diftances  of  thele  bodies,  or  modified  their  light  in  fome  other 
way,  till  he  could  perceive  no  difference  between  them.  Then, 
conlidering  their  different  difiances,  or  the  other  circumfiances 
by  which  their  light  was  affedted,  he  calculated  the  proportion 
which  they  would  have  borne  to  each  other,  at  the  fame  diftance, 
or  in  the  fame  circumfiances. 

I  fhall  give  my  reader  a  fufficiently  clear  idea  of  M.  Bouguer’s 
methods  of  meafuring  reflected  light  by  a  defcription  of  fome  of 
them.  To  afcertain  the  quantity  of  light  loft  by  reflexion,  he 
placed  the  mirror,  or  refle&ing  furface,  B  fig.  104,  on  which  the 
experiment  was  to  be  made  truly  upright,  and  having  taken  two 
tablets,  of  precifely  the  fame  colour,  or  of  an  equal  degree  of 
whitenefs,  he  placed  them  exactly  parallel  to  one  another  at  E 
and  D,  and  threw  light  upon  them,  by  means  of  a  lamp  or  can¬ 
dle,  P,  placed  in  a  right  line  between  them.  He  then  placed 
himfelf  fo  that,  with  his  eye  at  A,  he  could  fee  the  tablet  E, 
and  the  image  of  the  tablet  D,  reflected  from  the  mirror  B,  at 
the  fame  time  ;  making  them,  as  it  were,  to  touch  one  another. 
He  then  moved  the  candle  along  the  line  ED,  fo  as  to  throw 
more  or  lefs  light  upon  either  of  them,  till  he  could  perceive  no 
difference  in  the  ftrength  of  the  light  that  came  to  his  eye  from 
them.  After  this,  he  had  nothing  more  to  do  than  to  meafure 
the  diftances  EP  and  DP  ;  for  the  fquares  of  thofe  difiances  ex- 
prefled  the  degree  in  which  the  reflexion  of  the  mirror  diminifh- 
ed  the  quantity  of  light.  It  is  evident  that  if  the  mirror  re¬ 
flected  all  the  rays  it  received,  the  candle  P  muff:  have  been 
placed  atC,  at  an  equal  difiance  from  each  of  the  tablets,  in  order 
to  make  them  appear  equally  illuminated  ;  but  becaufe  much  of 
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the  light  is  loft  in  reflexion,  they  can  only  be  made  to  appear 
equally  bright  by  placing  the  candle  nearer  the  tablet  D,  which 
is  feen  by  reflexion  only. 

To  find  how  much  light  is  loft  by  oblique  reflexion,  he  took 
two  equally  polifhed  plates  D  and  E,  fig.  105,  and  caufed  them 
to  be  enlightened  by  the  candle  P  and  while  one  of  them,  D, 
was  feen  at  A,  by  reflexion  from  B,  placed  in  a  pofition  oblique 
to  the  eye,  the  other,  E,  was  fo  placed,  as  to  appear  contiguous 
to  it ;  and  removing  the  plate  E,  till  the  light  which  it  reflected 
was  no  ftronger  than  that  which  came  from  the  image  of  D,  feen 
by  reflexion  at  B,  he  eftimated  the  quantity  of  light  that 
was  loft  by  this  oblique  reflexion,  by  the  fquares  of  the  diftances 
of  the  two  objects  from  the  candle. 

I  need  not  add  that,  in  thefe  experiments,  all  foreign  light  was 
excluded,  that  his  eye  was  fhaded,  and  that  every  other  precau¬ 
tion  was  obferved,  in  order  to  make  his  conclufions  unqueftionable. 

In  order  to  afcertain  the  quantity  of  light  loft  by  reflexion 
with  the  greateft  exaCtnefs,  M.  Bouguer  introduced  two  beams 
of  light  into  a  darkened  room,  as  by  the  apertures  P  and  fig. 
1  o^/which  he  had  fo  contrived,  that  he  could  place  them  high¬ 
er  or  lower,  and  enlarge  or  contract  them  at  pleafure,  and  the  re¬ 
flecting  furface  (as  that  of  a  fluid  contained  in  a  velfel)  was 
placed  horizontally  at  O,  from  whence  the  light,  coming  through 
the  hole  P,  was  reflected  to  R,  upon  the  fcreen  GH,  where  it 
was  compared  with  another  beam  of  light  that  fell  upon  S, 
through  the  hole  Qj  which  he  made  fo  much  lefs  than  P,  as 
that  the  fpaces  S  and  R  were  equally  illuminated  ;  and  by  the 
proportion  that  the  apertures  P  and  QjDore  to  each  other,  he  cal¬ 
culated  what  quantity  of  light  was  loft  by  the  reflexion  at  O. 
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It  is  necelTary,  he  obferves,  that  the  two  beams  of  light  PO 
and  QS  (which  he  ufually  made  7  or  8  feet  long)  fhould  be  ex¬ 
actly  parallel,  that  they  might  come  from  two  points  of  the  Iky 
equally  elevated  above  the  horizon,  and  having  precifely  the 
fame  intenfity  of  light.  It  was  alfo  necelTary  that  the  hole  Q_ 
fhould  be  a  little  higher  than  P,  in  order  that  the  two  images 
fhould  be  at  the  fame  heighth,  and  near  one  another.  It  is  no 
lefs  necelTary,  he  fays,  that  the  fcreen  GH  be  exa&iy  vertical, 
in  order  that  the  diredl  and  reflected  beams  may  fall  upon  it  with 
the  fame  inclination  ;  fince,  otherwife,  though  the  two  lights 
were  perfectly  equal,  they  would  not  illuminate  the  fcreen  e- 
qually.  This  difpofition,  he  fays,  ferves  to  anfwer  another  im¬ 
portant  condition  in  thefe  experiments  ;  for  the  direct  ray  QS 
mull:  be  of  the  fame  length  with  the  Turn  of  the  incident  and 
reflected  rays,  PO  and  OR,  in  order  that  the  quantity  of  light 
introduced  into  the  room  may  be  fenfibly  proportional  to  the 
fizes  of  the  apertures.* 

I  lhall  now  proceed  to  recite  the  refult  of  the  experiments 
which  he  made  to  meafure  the  quantity  of  light  that  is  loll  by 
reflexion  in  a  great  variety  of  circumllances  ;  but  I  fhall  intro¬ 
duce  them  by  the  recital  of  Tome  which  were  made  previous  to 
them  on  the  diminution  of  light  by  reflexion,  and  the  tranf- 
mifiion  of  it  to  conliderable  dillances  through  the  air,  by  M. 
Buffon,  at  the  time  that  he  was  conllru<fling  his  machine  to  burn 
at  great  diftances  mentioned  above. 

Receiving  the  light  of  the  fun  in  a  dark  place,  and  comparing 
it  with  the  fame  light  of  the  fun  reflected  by  a  mirror,  he  found 
that,  at  fmall  dillances,  as  four  or  five  feet,  about  one  half  was 


*  Traite  d’  Optique,  p.  28. 
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loft  by  reflexion ;  as  he  judged  by  throwing  two  reflected  beams 
upon  the  fame  place,  and  comparing  them  with  a  beam  of 
dired  light ;  for  then  the  intenfity  of  them  both  feemed  to  be 
the  fame. 

Having  received  the  light  at  greater  diftances  as  at  ioo,  200, 
and  300  feet,  he  could  hardly  perceive  that  it  loft  any  of  its 
intenfity  by  being  tranfmitted  through  fuch  a  fpace  of  air.* 

He  afterwards  made  the  fame  experiments  with  candles,  in  the 
following  manner.  He  placed  himfelf  oppofite  to  a  looking 
glafs,  with  a  book  in  his  hand,  in  a  room  perfectly  dark  ;  and 
having  one  candle  lighted  in  the  next  room,  at  the  diftance  of  a- 
bout  40  feet,  he  had  it  brought  nearer  to  him  by  degrees,  till 
he  was  juft  able  to  diftinguifh  the  letters  of  the  book,  which  was 
then  twenty-four  feet  from  the  candle.  He  then  received  the 
light  of  the  candle,  refleded  by  the  looking  glafs,  upon  his  book, 
carefully  excluding  all  the  light  that  was  reflected  from  any  thing 
elfe;  and  he  found  that  the  diftance  of  the  book  from  the 
candle,  including  the  diftance  from  the  book  to  the  looking  glafs 
(which  was  only  half  a  foot)  was  in  all  fifteen  feet.  He  repeat¬ 
ed  the  experiment  feveral  times,  and  always  with  nearly  the  fame 
refult ;  and  therefore  concluded,  that  the  quantity  of  dired  light 
is  to  that  of  refleded  as  576  to  225,  fo  that  the  light  of  five 
candles  refleded  from  a  plane  mirror  is  about  equal  to  that  of 
two  candles. 

From  thefe  experiments  it  appeared  that  more  light  was  loft 
by  reflexion  of  the  candles  than  of  the  fun,  which  M.  Buffon 
thought  was  owing  to  this  circumftance,  that  the  light  iffuing 
from  the  candle  diverges,  and  therefore  falls  more  obliquely  up- 

*  Ac.  Par.  1747,  M.  p.  122. 
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on  the  mirror  than  the  light  of  the  fun,  the  rays  of  which  are 
nearly  parallel.* 

Thefe  experiments  and  obfervations  of  M.  Buffon  are  curious, 
though,  it  will  be  feen,  that  they  fall  far  fhort  of  thofe  of  M. 
Bouguer,  both  in  extent  and  accuracy.  I  fhall  begin  my  ac¬ 
count  of  this  gentleman’s  experiments  with  thofe  which  he  made 
to  afcertain  the  difference  in  the  quantity  of  light  reflected  by 
glafs  and  polifhed  metal.  Ufing  a  fmooth  piece  of  glafs  one  line 
in  thicknefs,  he  found  that  when  it  was  placed  at  an  angle  of 
fifteen  degrees  with  the  incident  rays,  it  reflected  628  parts  of 
1000  which  fell  upon  it ;  at  the  fame  time  that  a  metallic  mir¬ 
ror,  which  he  tried  in  the  fame  circumftances,  reflected  only 
561  of  them.  At  a  lefs  angle  of  incidence  much  more  light 
was  reflected,  fo  that  at  an  angle  of  three  degrees  the  glafs  re¬ 
flected  700  parts,  and  the  metal  fomething  lefs,  as  in  the  former 
cafe.  •f* 

Trying  the  reflexion  of  bodies  that  were  not  polifhed,  he  found 
that  a  piece  of  white  plaifter,  placed  at  an  angle  of  750,  with 
the  incident  rays,  reflected  tv-s-  part  of  the  light  it  received  from 
a  candle,  nine  inches  from  it.  White  paper,  in  the  fame  cir¬ 
cumftances,  reflected  in  the  fame  proportion j  but  at  the  diftance 
of  three  inches,  they  both  reflected  150  parts  of  1000  that  were 
incident.  § 

Proceeding  to  make  farther  obfervations  on  the  fubjedt  of  re¬ 
flected  light,  he  premifes  the  two  following  theorems,  which  he 
demonftrates  geometrically,  1 .  When  the  luminous  body  is  at 
an  infinite  diftance,  and  its  light  is  received  by  a  globe,  the  fur- 
face  of  which  has  a  perfect  polifli,  and  abforbs  no  light,  it  re- 


•  Ac.  Par.  1747,  M.  p.  123.  f  Bouguer’s  Traitc  d’  Optique,  p.  57.  §  lb.  p.  69. 
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fleCts  the  light  equally  in  all  directions,  provided  it  be  received 
at  a  confiderable  diftance.  He  only  excepts  the  place  where  the 
fhadow  of  the  globe  falls  but  this,  he  fays,  is  no  more  than  a 
fingle  point,  with  refpeCt  to  the  immenfity  of  the  fpherical  fur- 

r 

face  which  receives  its  light.* 

2.  The  quantity  of  light  reflected  in  one  certain  direction 
will  always  be  exaCtly  the  fame,  whether  it  be  reflected  by  a  very 
great  number  of  fmall  poliihed  hemifpheres,  by  a  lefs  number 
of  larger  hemifpheres,  or  by  a  Angle  hemifphere,  provided  they 
occupy  the  fame  bafe,  or  cover  the  fame  ground  plan,  •f* 

The  ufe  he  propofes  to  make  of  thefe  theorems  is  to  aflift  him 
in  diftinguilhing  whether  the  light  reflected  from  bodies  be  ow¬ 
ing  to  the  extinction  of  it  within  them,  or  whether  the  rough- 
nefs  or  eminences  which  cover  them  have  not  the  fame  effeCt  with 
the  fmall  poliihed  hemifpheres  above  mentioned. 

He  begins  with  obferving  that,  of  the  light  reflected  from 
mercury,  t  at  leaft  is  loft,  and  that  probably  no  fubftances  re¬ 
flect  more  than  this.  The  rays  were  received  at  an  angle  of  n 
4-  degrees  of  incidence,  that  is  meafured  from  the  furface  of  the 
reflecting  body,  and  not  from  the  perpendicular,  which,  he  fays, 
is  what  we  are,  from  this  place,  to  underftand  whenever  he 
mentions  the  angle  of  incidence.  § 

The  moft  ftriking  obfervations  which  he  made  with  refpeCt  to 
this  fubjeCt,  are  thofe  which  relate  to  the  very  great  difference 
in  the  quantity  of  light  reflected  at  different  angles  of  incidence, 
of  which  my  reader  will  have  been  in  fome  meafure  apprized,  by 
the  refult  of  the  introductory  experiment  I  have  already  men- 

*  TraitetT  Optique,  p.  109.  f  lb.  p.  113.  §  lb,  p.  124. 
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tioned.*  In  general,  he  fays,  that  reflexion  is  flronger  at  fmall 
angles  of  incidence,  and  weaker  at  large  ones.  The  difference 
is  exceflive  when  the  rays  flrike  the  furface  of  tranfparent  fub- 
flances,  with  different  degrees  of  obliquity  3  but  it  is  alrnofl  as 
great  in  fome  opaque  fubflances,  and  it  was  always  more  or  lefs 
fo  in  every  thing  that  he  tried.  He  found  the  greatefl:  inequali¬ 
ty  in  black  marble 3  in  which  he  was  aftonifhed  to  find  that,  with 
an  angle  of  3°  35'  of  incidence,  though  not  perfectly  polifhed, 
yet  it  refle<5ted  alrnofl  as  well  as  quick-fllver.  Of  1000  rays 
which  it  received,  it  returned  600  3  but  when  the  angle  of  inci¬ 
dence  was  fifteen  degrees,  it  reflected  only  156  3  when  it  was 
30,  it  reflected  51  3  and  when  it  was  80,  it  reflected  only  23.’!* 

Similar  experiments,  made  with  metallic  mirrors,  always  gave 
the  differences  much  lefs  confiderable.  The  greatefl  was  hardly 
ever  an  8th  or  a  9th  part  of  it,  but  they  were  always  in  the 
fame  way. 

The  great  difference  between  the  quantity  of  light  reflected 
from  the  furface  of  water,  at  different  angles  of  incidence,  is 
truly  furprifing  3  but  our  author  obferves,  that  this  difference 
was  greater,  when  the  fmallefl  inclinations  were  compared  with 
thofe  which  were  near  to  a  right  angle.  He  fometimes  fufpedl- 
ed  that,  at  very  fmall  angles  of  incidence,  the  reflexion  from 
water  was  even  greater  than  from  quick-fllver.  All  things  con- 
fidered,  he  thought  it  was  not  quite  fo  great,  though  it  was  very 
difficult  to  determine  the  precife  difference  between  them.  I11 

*  M.  Bofcovich  obferves,  that  the  reafon  of  the  greater  quantity  of  light  being  re¬ 
flected  at  great  degrees  of  obliquity,  in  its  incidence  upon  any  furface,  is  that,  in  thofe 
circumftances,  the  perpendicular  velocity  is  lefs ;  fo  that  the  force  which  refides  at  the 
furface  can  more  eafily,  and  with  refpeCt  to  more  particles,  deltroy  that  velocity,  and 
thereby  determine  the  rays  to  be  reflected.  Theoria,  p.  329.  f  Traite  d’  Optique,  1 25. 
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very  fmall  angles,  he  fays,  that  water  refledts  nearly  |  of  the  di- 
redt  light. 

There  is  no  perfon,  he  fays,  but  has  fometimes  felt  the  force 
of  this  ftrong  reflexion  from  water,  when  he  has  been  walking 
in  ftill  weather,  on  the  brink  of  a  lake,  oppoflte  to  the  fun.  In 
this  cafe,  the  reflected  light  is  f,  f,  or  fometimes  a  greater  pro¬ 
portion  of  the  light  that  comes  directly  from  the  fun,  which  is  an 
addition  to  the  diredt  rays  of  the  fun  that  cannot  fail  to  be  very 
fenflble.  The  diredt  light  of  the  fun  diminilhes  gradually,  as  it 
approaches  the  horizon,  while  the  refledted  light,  at  the  fame 
time,  grows  ftronger  :  fo  that  there  is  a  certain  elevation  of  the 
fun,  in  which  the  united  force  of  the  diredt  and  refledted  light 
will  be  the  greateft  poflible,  and  this  he  fays  is  12  or  13  degrees. 

On  the  other  hand,  the  light  refledted  from  water,  at  great 
angles  of  incidence,  is  extremely  fmall.  Our  author  was  allur¬ 
ed  that,  when  the  light  was  perpendicular,  it  refledted  no  more 
than  the  37th  part  that  quick-filver  does  in  the  fame  circum- 
ftances ;  for  it  did  not  appear,  from  all  his  obfervationS,  that 
water  refledts  more  than  the  60th,  or  rather  the  55th  part  of 
perpendicular  light.  When  the  angle  of  incidence  was  50  de¬ 
grees,  the  light  refledted  from  the  furface  of  water  was  about  the 
3  2d  part  of  that  which  mercury  refledted  •,  and  as  the  reflexion 
from  water  increafes  with  the  diminution  of  the  angle  of  inci¬ 
dence*  it  was  twice  as  ftrong  in  proportion  at  39  degrees ;  for  it 
was  then  the  1 6th  part  of  the  quantity  that  mercury  refledted.* 

In  order  to  procure  a  common  ftandard,  by  which  to  meafure 
the  proportion  of  light  refledted  from  various  fluid  fubftances,  he 
pitched  upon  water  as  the  moft  commodious,  and  partly  by  ob- 

w  ,  v  tT  1 

•  Theoria,  p.  133. 
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fervation,  and  partly  by  calculation,  which  he  always  found  to 
agree  with  his  obfervations,  he  drew  up  the  following  table,  of 
the  quantity  of  light  refle<5ted  from  the  furface  of  water,  at  dif¬ 
ferent  angles  with  the  furface. 


Angles  of 
incidence. 

Rays  re¬ 
flected  of 
1000. 

Angles  of 
incidence. 

Rays  re¬ 
flected  of 

1000. 

Angles  of 
incidence. 

Rays  re¬ 
flected  of 

1000 

Angles  of 
incidence. 

Rays  re¬ 
flected  of 
loco. 

I 

~z 

72  [ 

5 

501 

!7i 

178 

50 

22 

I 

692 

7* 

4O9 

20 

*45 

60 

*9 

I  i 

669 

10 

333 

25 

97 

70 

18 

2 

639 

124 

271 

30 

65 

80 

18 

2  4- 

61 4 

15 

21 1 

40 

34 

90 

18 

In  the  fame  manner,  he  drew  up  the  following  table,  of  the 
quantity  of  light  reflected  from  the  looking  glafs  not  quick- 
filvered.* 


Angles  of 
incidence. 

Rays  re¬ 
flected  of 
1000. 

Angles  of 
incidence. 

Rays  re¬ 
flected  of 
ioeo. 

Angles  of 
incidence. 

Rays  re¬ 
flected  of 
1000. 

24: 

584 

15 

299 

50 

34 

5 

543 

20 

222 

60 

% 

27 

7 * 

474 

25 

'57 

70 

25 

IO 
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30 

ir2 

80 

25 

124 

356 

40 

57 

90 

25 

Pouring  a  quantity  of  water  into  a  veflel  containing  quick- 
filver,  it  is  evident  that  there  will  be  two  images  of  any  obje&s 
feen  by  reflexion  from  them,  one  at  the  furface  of  the  water, 
and  the  other  at  that  of  the  quick- filver.  In  the  largefl:  angles 
of  incidence,  the  image  at  the  furface  of  the  water  will  difap- 
pear,  which  will  happen  when  it  is  about  a  60th,  or  an  80th  part 


lefs 


*  Theoria,  p.  137. 
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lefs  luminous  than  the  image  at  the  furface  of  the  quick-filver. 
Depreffing  the  eye,  the  image  on  the  water  will  grow  Wronger, 
and  that  on  the  quick-fliver  weaker,  in  proportion  till,  at  laft, 
the  latter  will  be  incomparably  weaker  than  the  former,  and  at 
an  angle  of  about  10  degrees  they  will  be  equally  luminous.* 
According  to  the  table,  tVA  of  the  incident  rays  are  refleded 
from  the  water  at  this  angle  of  10  degrees.  At  the  furface  of 
the  mercury  they  were  reduced  to  500  ;  and  of  thefe,  part  be¬ 
ing  refleded  back  upon  it  from  the  under  furface  of  the  water, 
only  333  remained,  to  make  the  image  from  the/nercury. 

It  has  been  obferved  by  feveral  perfons,  particularly  by  Mr. 
Edwards,  fee  Phil.  Tranf.  Vol.  53,  p.  229  ;  that  there  is  a  re¬ 
markably  Axong  reflexion  into  water,  with  refped  to  rays  iflu- 
ing  from  the  water  3  and  perfons  under  water  have  feen  images 
of  things  in  the  water  in  a  manner  peculiarly  diftind  and  beau¬ 
tiful  ;  but  this  fad  had  not  been  obferved  with  a  fufficient  de¬ 
gree  of  attention,  till  it  came  into  M.  Bouguer’s  way  to  do  it, 
and  he  acknowledges  it  to  be  very  remarkable.  In  this  cafe,  he 
fays,  that  from  the  fmallefl  angles  of  incidence,  to  a  certain  num¬ 
ber  of  degrees,  the  greateft  part  of  the  rays  are  refleded,  per¬ 
haps  in  as  great  a  proportion  as  at  the  furface  of  metallic  mirrors, 
or  of  quick-fliver, while  the  other  part,  which  does  not  efcape 
into  the  air,  is  extinguifhed,  or  abforbed  ;  fo  that  the  furface  of 
the  tranfparent  body  appears  opaque  on  the  infide.  If  the  an- 

*  Theoria,  p.  139.  f  This  muft  neceffarily  be  the  cafe  where  the  fine  of  the  an¬ 
gle  of  incidence,  out  of  water  into  air,  bears  a  greater  proportion  to  the  radius  than  that 
of  3  to  4,  which  is  the  proportion  of  the  fine  of  the  angle  of  incidence  to  the  fine  of  the 
angle  of  refra&ion  out  of  water  into  air.  Otherwife,  the  fine  of  the  angle  of  refra&ion, 
after  the  ray  had  pafled  out  of  the  water  into  the  air,  would  J?e  greater  than  the  radius, 
which  is  impoffible.  In  this  inltance,  therefore,  all  the  rays  muft  be  reflected,  except 
thofe  that  are  abforbed. 
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gle  of  incidence  be  increafed  only  a  few  degrees,  the  Strong  re¬ 
flexion  ceafes  altogether,  a  great  number  of  rays  efcape  into  the 
air,  and  very  few  are  abforbed  or  extinguished.  In  proportion  as 
the  angle  of  incidence  is  farther  increafed,  the  quantity  of  the 
light  reflected  becomes  lefs  and  lets ;  and  when  it  is  near  90  de¬ 
grees,  almoSt  all  the  rays  efcape  out  of  the  tranfparent  body,  its 
Surface  lofing  almofl  all  its  power  of  reflexion,  and  becoming 
almofl  as  tranfparent  as  it  is  in  other  cafes,  or  when  the  light 
falls  upon  it  from  without.* 

This  property  belonging  to  the  Surfaces  of  tranfparent  bodies, 
of  abforbing  or  extinguifhing  the  rays  of  light,  is  truly  remark¬ 
able,  and  as  there  is  reafon  to  believe,  had  not  been  noticed  by 
any  perfon  before  M.  Bouguer.  It  has  been  already  mentioned, 
as  the  conje&ure  of  Sir  Ifaac  Newton,  that  rays  of  light  become 
extinCt  only  by  impinging  upon  the  folid  parts  of  bodies  ;  but 
thefe  obfervations  of  M.  Bouguer  Shew  that  the  faCt  is  quite  o- 
therwife,  and  that  this  effeCt  is  to  be  attributed  not  to  the  folid 
parts  of  bodies,  which  are  certainly  more  numerous  in  a  long 
traCl  of  water  than  jufl  in  the  paflage  out  of  water  into  air,  but 
to  fome  power  lodged  at  the  furfaces  of  bodies  only,  and  there¬ 
fore,  probably,  the  fame  with  that  which  reflects,  refraCts,  and  in¬ 
flects  the  light. •f- 

One  of  the  above  mentioned  obfervations,  viz.  all  the  light 
being  reflected  at  certain  angles  of  incidence  from  air  into  denfet 
fubflances,  had  frequently  been  obferved,  efpecially  in  glafs 
prifms,  fo  that  Newton  made  ufe  of  one  of  them  inilead  of  a 

*  Thporia,  p.  145.  f  Additional  proofs  will  be  given  of  this  property  of  the  fur- 
faces  of  bodies,  to  abforb  or  extinguilh  light,  in  the  next  fe&ion,  on  the  reflexion  of 
tranfparent  lubftances. 


F  f  f 
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receding  mirror,  in  the  conftrudtion  of  his  telefcope.  If  a 
beam  of  light  fall  upon  the  air  from  within  thefe  prifms,  at  an 
angle  of  io,  20,  or  30  degrees,  the  effedt  will  be  nearly  the 
fame  as  at  the  furface  of  quick-filver,  a  fourth  or  a  third  of  the 
rays  being  extinguished  and  4  or  jjths  reflected.  This  property 
retains  its  full  force  as  far  as  an  incidence  of  49 0  49'  (fuppofing 
the  proportion  of  the  fines  of  refradtion  to  be  31  and  20  for  the 
mean  refrangible  rays)  but  if  the  angle  of  incidence  be  increaf- 
ed  but  one  degree,  the  quantity  of  light  reflected  inwards  de- 
creafes  Suddenly,  and  a  great  part  of  the  rays  efcape  out  of  the 
glafs,  fo  that  the  furface  becomes  Suddenly  tranfparent. 

All  tranfparent  bodies  have  the  fame  property,  with  this  dif¬ 
ference,  that  the  angle  of  incidence  at  which  the  ftrong  reflexion 
ceafes,  and  at  which  the  light  which  is  not  refledted  is  extinguifh- 
ed,  is  greater  in  Some  than  in  others.  In  water  this  angle  is 
about  41°  32' ;  and  in  every  medium  it  depends  fo  much  on  the 
invariable  proportion  of  the  fine  of  the  angle  of  refradtion,  to 
the  fine  of  the  angle  of  incidence,  that  this  law  alone  is  Suffici¬ 
ent  to  determine  all  the  phenomena  of  this  new  circumftance, 
at  leafl:  as  to  this  accidental  opacity  of  the  Surface.* 

When  our  author  proceeded  to  meafure  the  quantity  of  light 
refledted  by  thefe  internal  Surfaces  at  great  angles  of  incidence,  he 
found  many  difficulties,  efpecially  on  account  of  the  many  altera¬ 
tions  which  the  light  underwent  before  it  came  to  his  eye ;  but 
at  length,  ufing  a  plate  of  cryffalj-f*  he  found  that/at  an  angle  of 
75  degrees,  this  internal  reflexion  diminifhed  the  light  27  or  28 
times,  and  as  the  external  reflexion  at  the  fame  angle  diminifhed 

*  Theora,  p.  146.  f  By  cryftal  this  writer  means  not  rock  cryftal,  but  a  parti¬ 
cular  kind  of  glafs. 
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the  light  only  26  times,  it  follows  that  the  internal  reflxeion  is 
a  little  ftronger  than  the  other. 

Repeating  thefe  experiments  with  the  fame,  and  different  pieces 
of  cryftal,  he  fometimes  found  the  two  reflexions  to  be  equally 
ftrong ;  but,  in  general,  the  internal  was  the  ftronger.  Alfo, 
the  image  reflected  internally  was  always  a  little  redder  than  an 
object  which  was  feen  directly  through  the  plate  of  cryftal.* 

Refuming  his  obfervations  on  the  diminution  of  light,  occa- 

1 

fioned  by  the  reflexion  of  Opaque  bodies,  obliquely  fituated,  he 
compared  it  with  the  appearances  of  flmilar  fubftances  which  re¬ 
flected  the  light  perpendicularly.  Ufing  pieces  of  fllver  made 
very  white,  he  found  that,  when  one  of  them  was  placed  at  an 
angle  of  75  degrees  with  refpeCt  to  the  light,  it  reflected  only 
640  parts  out  of  1000.  He  then  varied  the  angle,  and  alfo  ufed 
white  plaifter  and  fine  Dutch  paper,  and  drew  up  the  following 
table  of  the  proportion  of  the  light  reflected  from  each  of  thofe 

fubftances  at  certain  angles. -f- 

•  o.-tii  ;  m  t>nol&  mb  imM  lain -tin-.,  v  -t 

I  N  T  e  n  $  i  t  Y  of  Light  reflected  from  ' 


Angles  of 
Incidence. 

Silver. 

Plaifter. 

Dutch 

Paper. 

9°  . 

IOOO 

IOOO 

IOOO 

1  t 

75 

8  02 

762 

971 

iTl  " 

60  1* 

64O 

640 

743 

xri 

'  45 

455 

529 

507 

3° 

3i9  I 

352 

332 

15 

209 

I94 

.  203 

Suppofing  the  afperities  of  opaque  bodies  to  confift  of  very 
fmall  planes,  it  appears  from  thefe  obfervations,  that  there  are 
fewer  of  them  in  thefe  bodies  which  reflect  the  light  at  fmall 


#  Theoria,  p.  155. 
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angles  of  incidence  than  at  greater ;  and  our  author  fays,  that 
the  cafe  was  nearly  the  fame  with  refpeCt  to  all  the  opaque  bo¬ 
dies  that  he  tried.  None  of  them  had  their  roughnefs  equiva¬ 
lent  to  fmall  hemifpheres,  which  would  have  difperfed  the  light 
equally  in  all  directions ;  and,  from  the  data  in  the  preceding 
table,  he  deduces,  mathematically,  the  number  of  the  little 
planes  that  compofe  thofe  furfaces,  and  that  are  inclined  to  the 
general  furface  at  the  angles  above  mentioned,  fuppofing  that  the 
whole  furface  contains  1000  of  them  that  are  parallel  to  itfelf, 
fo  as  to  retleCt  the  light  perpendicularly,  when  the  luminous 
body  is  fituated  at  right  angles  with  refpeCt  to  it.  His  conclu- 
fions  reduced  to  a  table,  correfponding  to  the  preceding,  are  as 
follows.* 


Inclinations 
of  the  fmall 
furfaces 
with  refpeft 

The  diftribution  of  the  fmall  planes 
that  conftitute  the  afperities  of  the 
opaque  furface  in  the 

to  the  large 
one. 

Silver. 

Plaifter.  i 

Paper. 

o 

IOOO 

IOOO 

IOOO 

15 

777 

736 

937 

3° 

554 

554 

545 

45 

333 

374 

358 

60 

1 61 

i  1 76 

166 

75 

.53 

1  5° 

52 

Thefe  variations  in  the  number  of  little  planes,  or  furfaces, 
he  expreflfes  in  the  form  of  a  curve,  and  afterwards  he  Ihews, 
geometrically,  what  would  be  the  effeCt,  if  the  bodies  were  en¬ 
lightened  in  one  direction,  and  viewed  in  another  ;  upon  which 
fubjeCt  he  has  feveral  curious  theorems  and  problems  ;  as,  the 
pofition  of  the  eye  being  given,  to  find  the  angle  at  which  the 

‘  .  '  .  /  .  w’i  .  * 

*  Theoria,  p.  1 68. 
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luminous  body  mud:  be  placed,  in  order  to  its  refledting  the  mod: 
light ;  *  or,  the  fituation  of  the  luminous  body  being  given,  to 
find  a  proper  fituation  for  the  eye,  in  order  to  fee  it  the  mod:  en¬ 
lightened,  &c.-f*  But  it  would  carry  me  too  far  into  the  bufmefs 
of  geometry  to  follow  our  author  through  all  thefe  difquifitions. 

Since  the  planets,  as  this  accurate  obferver  takes  notice,  are 
more  luminous  at  their  edges  than  at  their  centers,  he  concludes, 
from  the  above-mentioned  principles,  that  the  bodies  which 
form  them  are  confiituted  in  a  manner  different  from  ours  ;  par¬ 
ticularly  that  their  opaque  furfaces  confid:  of  fmall  planes,  more 
of  which  are  inclined  to  the  general  furface  than  they  are  in  ter- 
redrial  fubftances  *,  §  and  that  there  are  in  them  an  infinity  of 
points,  which  have  exadtly  the  fame  fplendor.  $ 

Our  philofopher  and  geometrician  next  proceeds  to  afcertain 
the  quantity  of  furface  occupied  by  the  fmall  planes  of  each  par¬ 
ticular  inclination,  from  confidering  the  quantity  of  light  re- 
fiedted  by  each,  allowing  thofe  that  have  a  greater  inclination  to 
the  common  furface  to  take  up  proportionably  lefs  fpace  than 
thofe  which  are  parallel  to  it.  And  comparing  the  quantity  of 
light  that  would  be  reflected  by  fmall  planes  thus  difpofed,  with 
the  quantity  of  light  that  was  actually  reflected  by  the  three  fub- 
ftances  above-mentioned,  he  found  that  plaifter,  notwithfland- 
ing  its  extreme  whitenefs,  abforbs  much  light  5  for  that,  of  1000 
rays  that  fall  upon  it,  of  which  1 66,  or  167  ought  to  be  refledt- 
ed,  at  an  angle  of  77  degrees,  only  67  are,  in  fadt,  returned  ;  fo 
that  100  out  of  167  were  extinguifhed,  that  is  about  three 
fifths.  || 

*  Theoria,  p.  178.  f  lb.  p.  183.  §  lb.  p.  174.  J  lb.  p.  195.  II  lb.  p.  210. 
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With  refpeft  to  the  planets,  our  author  concludes  that  of 
300000  rays  which  the  moon  receives,  172000  are  abforbed  or 
perhaps  204100. * 

Having  confidered  the  furfaces  of  bodies  as  conlifting  of  planes 
only,  he  thus  explains  himfelf.  Each  fmall  furface,  feparately 
taken,  is  extremely  irregular,  and  fome  of  them  are  really  con- 
cave,  and  others  convex ;  but,  in  reducing  them  to  a  middle 
Rate,  they  are  to  be  confidered  as  planes.  Never thelefs  he  con- 
fiders  them  as  planes  only  with  refpe<ft  to  the  reception  of  the 
rays  5  /or  as  they  are  almoft  all  curves,  and  as,  befides  this,  many 
of  thofe,  whofe  fttuation  is  different  from  others,  contribute  to 
the  fame  effect,  the  rays  always  iffue  from  an  actual  or  imaginary 
focus,  and  after  reflexion  always  diverge  from  one  another./ 

If  it  be  afked  what  becomes  of  thofe  rays  that  are  reflected 
from  one  afperity  to  another,  he  fhews  that  very  few  of  the  rays 
can  be  in  thofe  circumflances ;  fince  they  muff  fall  upon  planes 
which  have  more  than  45  degrees  of  obliquity  to  the  furface,  of 
which  there  are  very  few  in  natural  bodies.  T'hefe  rays  muft, 
alfo,  fall  at  the  bottom  of  thofe  planes,  and  muft  meet  with  other 
plapes  fimilarly  fituated  to  receive  them  j  and  confidering  the 
great  irregularity  of  the  furfaces  of  opaque  bodies,  it  may  be  con¬ 
cluded,  that  very  few  of  the  rays  are  thus  reflected  upon  the  body 
itfelf,  and  that  the  little  that  is  fo  refle&ed  is,  probably,  loft  to 
the  fpetftators,  being  extinguifhed  in  the  body.  § 

.vj.  'p  ,c1(  .  >  •  -  ,  .  ■  \  ; i.  \:xL p>  (  I 

*  In  comparing  the  light  of  the  moon  with  that  of  the  fun,  M.  Bouguer,  by  a  mil- 
take:  in  the  calculation,  makes  the  quantity  of  light  that  comes  from  the  fun  to  that 
which  is  reflected  from  the  moon  (upon  the  fuppofition  of  the  moon  reflecting  all  the  • 
light  which  falls  upon  it)  juft  double  of  what  tit  ought  to  be,  as  will  be  ihewn  hereafter, 
f  lb.  p.  22c.  §  lb.  p.  228. 
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Observations  on  the  reflexion  of  light  within 

TRANSPARENT  SUBSTANCES. 


THERE  are  no  fubftances  that  we  are  acquainted  with  fo 
perfectly  tranfparent,  but  they  contain  within  them  par¬ 
ticles  which  intercept  and  reflect  the  light,  fo  that  part  of  the 
beam  which  enters  on  one  fide  is  prevented  from  reaching  the  o- 
ther.  This  is  alfo  a  caufe  of  the  reflexion  of  light,  to  which 
M.  Bouguer,  with  his  ufual  circumfpedbion,  applied  his  mea- 
fures ;  and  the  following  are  the  principal  obfervations  which  his 
treatife  contains  upon  this  fubjedl. 

The  manner,  in  which  he  meafured  the  lofs  of  light  is  repre- 
fented  in  fig.  106,  in  which  B  is  a  tranfparent  fubftance,  upon 
which  is  placed  the  candle  P,  which  enlightens  at  the  fame  time, 
andalmoft  perpendicularly,  the  two  tablets  D  and  E.  The  former 
of  thefe  is  feen  through  the  tranfparent  fubftance  on  which  the 
experiment  is  made,  and  the  other  with  the  naked  eye,  at  A,  and 
both  at  the  fame  time.  To  bring  the  lights  which  come  to  the 
eye  to  an  equality,  it  is  neceflary  to  remove  the  tablet  E  to  a 
much  greater  diftance  than  the  other,  and  the  fquares  of  the  two 
diftances  from  the  candle  give  the  proportion  required. 

In  this  manner,  tranfmitting  the  light  through  fixteen  pieces 
of  common  window  glafs,  in  all  about  95-  lines  in  thicknefs,  he 
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found  that  it  was  diminifhed  247  times.  Trying  fix  pieces  of 
looking  glafs,  in  all  n4  lines  thick,  the  light  was  weakened  in 
the  proportion  of  27  to  100  5  but  a  piece  three  inches  thick  not 
divided  into  plates,  hardly  diminifhed  the  light  one  half.* 

Getting  the  cleared;  fea  water  that  he  could  at  Croific,  where 
he  redded,  he  found  that  1 1 5  inches  of  it  tranfmitted  or 
more  accurately  tYt  of  the  light  that  fell  upon  it;  but  he  con¬ 
jectures  that  near  the  torrid  zone,  where  the  water  of  the  fea  is 
much  clearer,  fo  that  the  bottom  may  be  feen  at  100  or  120  feet 
deep,  ten  feet  of  it  would  not  prevent  the  tranfmiflion  of  more 
than  4  or  -A-  of  the  light,  -f* 

Gur  author  clofes  his  remarks  on  this  fubjeCt  with  obferving 
that,  though  we  are  much  indebted  to  the  tranfparency  of  the 
air,  we  derive  no  lefs  benefit  from  its  not  being  perfectly  tran- 
fparent ;  as,  by  this  means,  it  reflects  to  us  the  light  of  the  fun, 
when  his  body  is  not  vifible  to  us  ;  and  by  the  light  reflected 
from  it  enables  us  to  view  objects  on  all  Tides,  and  not  on  that 
only  which  is  turned  towards  that  luminous  body. 

Looking  at  an  objeCt  through  one  piece  of  cryftal,  and  at  the 
fame  time  through  four  other  pieces,  all  of  which  put  together 
were  of  a  thicknefs  equal  to  that  of  the  one  piece,  and  each  of 
which  was  placed  at  an  angle  of  75  degrees,  he  not  only  found 
that  lefs  light  was  tranfmitted  through  the  four  pieces  than 
through  the  one,  but  that  even  more  light  was  loft  than  the  rules 
which  he  had  already  demonftrated  concerning  the  quantity  re¬ 
flected  and  tranfmitted  would  account  for ;  fo  that  he  was  o- 
bliged  to  have  recourfe  to  another  caufe  of  the  diminution  of 
light ;  and  upon  the  whole  he  concluded  that  -A  part  of  the 

#  Traite  d’  Optique,  p.  60.  f  lb.  p.  65. 
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light  was  abfolutely  abforbed,  at  each  of  the  interruptions  of  the 
cryftal  $  for  whereas  the  reflexions  ought  to  have  reduced  the 
1000  to  877,  it  was  in  fadt  reduced  to  396.  One  cannot,  he 
fays,  help  attributing  this  diminution  to  the  fecond  furface,  which 
adts  as  if  it  was  not  perfedtly  tranfparent.  It  extinguifhed  at  all 
moderate  incidences  (viz.  from  o  to  490  49')  the  3d  or  the  4th 
part  of  the  rays.  Beyond  this  inclination  it  abforbed  but  a  very 
fmall  part  of  the  rays,  though  a  few  were  loft  even  when  they 
fell  perpendicularly. 

He  repeated  the  fame  obfervations  upon  other  pieces  of  cryflal, 
and  though  the  refults  were  not  always  the  fame,  yet  they  were 
nearly  fo,  and  proved  a  real  extindtion  of  light.  He  fometimes 
thought  that  the  light  which  was  thus  abforbed  was  about  a 
24th  part,  or  equal  to  that  which  was  refledted  internally.  He 
could  not  tell  whether  thefe  differences  were  the  effedt  of  the 
different  pieces  of  cryftal,  or  were  to  be  afcribed  to  the  errors 
that  are  unavoidable  in  thefe  obfervations.  Perhaps,  fays  he, 
both  may  have  contributed  to  them.  Upon  the  whole,  how¬ 
ever,  he  preferred  the  laft  mentioned  refults.  Thus,  while  he 
took  a  36th  part  for  the  lofs  occafioned  by  the  external  reflexion 
at  great  angles  of  incidence,  and  the  27th  or  28  th  part  for  the 
internal  reflexion,  he  thought  that  the  extindtion  of  the  rays  at 
the  fame  time  was  as  great  as  in  the  laft  proportion.*  Thefe  obfer¬ 
vations  are  an  additional  proof  of  the  power  of  furfaces,  not  dis¬ 
covered  by  any  perfbn  before  our  author,  of  adting  upon  the  rays 
of  light  in  a  manner  different  from  reflexion,  refradtio'n,  or  in¬ 
flexion,  viz.  a  power  of  extinguijhing  the  rays,  which  Newton 
had  afcribed  to  the  folid  parts  of  bodies  only. 

*  Traite  d’  Optique,  p.  i6o» 
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-  Ill  the  feeond  fedion  of  our  author’s  third  book,  we  find  fome 
curious  problems  concerning  the  tranfparency  of  bodies ;  hut  as 
they  contain  no  new  optical  difeoveries,  I  fhall  content  myfelf 
with  referring  the  geometrical  reader  to  the  original,  only  quot¬ 
ing  two  examples  of  the  laft  problem,  which  is  to  determine 
the  thicknefs  of  any  tranfparent  medium,  that  will  render  it 

■  i .  1 '  j  .■  Lo  '  'l  j  i  ■■■•»..  v  1 

quite  opaque ;  which  is  done  by  firft  finding  what  proportion  of 
the  light  is  flopped  in  traverfing  a  given  fpace  in  any  medium, 
and  thereby  calculating  the  didance  at  which  the  light,  {being 
conftafitly  diminifhed  in  the  fame  proportion,  will  be  fo  weak  as 

j  4  •  ■  f  •  j  i’.  f  ’  1  i  ;  v  |  j  :  i  >.  j  ;  $ 

not  to  affed  the  eye.  j  —  ‘ 


Sea  water,  he  obfeiives,  would  be  perfedly  opaque  alt  the 
thicknefs  of  6yq  feet,  and  the  air  of  our  atniofphere  would;’  ceafe 
to  be  tjranfpareit,  if  th4  light  had  518385  toifes  of  it  to  trajverfe. 
In  thisj  cafe,  no  light  of  the  heavenly  bodies  could  ever  reaejh  us ; 
fo  thatj,  notwithstanding  the  fplendor  of  the  fun,  and  the  ifeem- 
ing  thjnnefs  of*  the  air,'  we  fhould  for  ever  be  involve^  jn  the 
blackest  darknefs,  except  fo  far  as  we  fhould  be  relieved  by  ter- 
reftrialj  fires,  j 

»  }  .t  .  *■  '  J  ,  .  *  .  f 

In  the  next  place  our  author  confiders  the  diminution  of  light 
in  paffing  through  a  medium  varying  in  its  denfity,  with  a  view 
to  the  phenomena  of  the  atmofphere,  which  is  fuch  a  medium; 
In  thefe  obfervations  he  does  not  confider  the  aftronomicalre- 
fradion,  which,  he  fays,  is  certainly  too  fmall  to  make  the  fines 
of  incidence  and  refradion  agreeable  to  the  denfity  of  the  air* 
and  muft,  therefore,  he  fays,  as  fome  have  fufpeded,  depend 
upon  a  particular  kind  of  matter  difperfed  through  the  atmof¬ 
phere.  At  the  clofe  of  his  calculations,  he  gives  us  the  follow¬ 
ing  table  of  the  thicknefies  of  the  air  contained  in  the  atmof- 
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phere,  and  the  force  which  the  light  of  the  heavenly  bodies  re* 
tain  after  traverfing  thofe  thickneffes. 
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height  of 
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dies. 
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fes  of  the 
air  equiva¬ 
lent  to  that 
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er  atmof- 

The  quan¬ 
tity  of  light 
that  reaches 
us  of IOCOO 
parts  that 
fall  upon 
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It  muft  be  obferved  that  this  table  is  nearly  the  fame  with 
that  which  was  publiihed  in  the  firft  fketch  of  our  author’s  work 
in  1729,  and  was  not  calculated  over  again,  after feme  new  lights, 
which  he  had  acquired  upon  the  fubjedt.  The  difference,  how¬ 
ever,  would  not  have  been  very  great.  7  , 

In  our  author’s  obfervations  on  the  light  refledted  by  the  inte¬ 
rior  parts  of  tranfparent  bodies,  he  took  a  piece  of  cryftal,  which, 
being  pretty  thick,  diminifhed  the  light  in  the  proportion  of  nine 
to  four.  Then  having  placed  two  tablets  of  plaifter  near  one  a- 
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nother,  he  looked  at  them  through  this  medium,  but  in  places 
of  it  fo  diftant  from  one  another,  that  he  could  fee  one  of  them 
ftrongly  enlightened,  while  the  other  was  in  perfect  darknefs.  This 
cfrcumftance  made  a  confiderable  difference  in  the  diftindnefs  of 
the  vifton.  The  obfcure  part  of  the  piece  of  cryftal  was  fenft- 
bly  more  tranfparent ;  whereas  the  light  of  the  other  half,  far 
from  uniting  with  that  of  the  objed,  in  part  effaced  it,  and 

■  /  i  t  ff  r  *)  j  i  rT » f  I  x  1 1  *  (*  ■  2  y  /'t  *  i  i  *  ri  i  1 4  \  .*  i 

what  he  thought  would  have  been  an  addition  of  light  to  the 
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tablet  placed  at  a  diftance,  became,  on  the  contrary,  a  diniinu- 
tion  of  it ;  and  the  more  perfedly  he  faw  the  infide  of  the  tram 
fparent  cryftal,  the  lefs  clearly  could  he  perceive  the  objed  that 
was  placed  beyond  it.  The  light  which  fell  upon  one  half  of 
the  cryftal  was  about  31  times  ftronger  than  that  which  en¬ 
lightened  the  two  tablets  of  plaifter  j  and  to  make  thefe  two 
objeds  appear  equally  enlightened,  he  was  obliged  to  increafe 
the  light  of  that  which  was  feen  through  the  enlightened;  half 
of  Ithe  cryftal  about  one  feventh  part. 

From  this  he  calculated  that  the  fmall  particles  of  the  cryftal, 
inftead  of  refleding  all  the  rays  which  they  intercept,  refled  on¬ 
ly  the  235th  part.  It  is  true,  however,  he  fays,  that  we  can¬ 
not  be  abfolutely  certain  but  that  a  greater  number  of  refleded 
rays  may  fall  upon  other  parts  of  the  tranfparent  body,  and  be 
thence  refleded  to  the  eye  but  the  effed  of  thefe  fecondary  re- 
flekions  muft  be  very  weak,  as  well  by  the  lofs  of  rays  at  each 
place  of  reflexion,  as  by  the  greater  difperfion  of  the  rays  which 
take  different  diredions.  He  is,  therefore,  content  with  Hat¬ 
ing  the  fad,  and  with  concluding  that  the  internal  parts  of  'the 
cryftal,  and,  probably1,  thofe  of  all  other  tranfparent  mediums, 
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refletfb  but  a  very  fmall  part  of  the  light  which  they  flop  in  its 
paffage.* 

In  making  an  eflimate  of  the  light  that  is  reflected  by  the  in¬ 
ternal  parts  of  a  medium,  when  it  is  not  of  the  fame  denfity 
throughout,  and  enlightened  with  different  degrees  of  light,  he 
fuppofes  the  fun  to  be  in  the  horizon,  and  he  fhews  that  the 
light  reflected  by  the  whole  atmofphere  will  be  -444^,  while  uni-* 
ty  expreffes  the  ftrength  of  the  fun’s  light  reaching  us  in  that 
fituation.  And,  not  fatisfying  himfelf  with  calculating  the  light 
reflected  by  the  whole  atmofphere,  he  alfo  calculates  it  for  dif¬ 
ferent  thickneffes  of  air,  and  has  expreffed  the  refults  in  the  fol¬ 
lowing  table,  in  which  the  diftances  are  expreffed  in  great  leagues 
of.  2d  to  a  degree,  ,  . 


Diftances  in 
leagues. 

Thickneflfes 
of  air,  in  toi- 
fes  of  an 
uniform  den¬ 
fity. 

Intenfity  of 
the  light  re¬ 
flected  from 
the  air. 

Diftances  in 
leagues. 

Thlcknefles 
of  air,  in  toi- 
fes  of  an 
uniform  den¬ 
fity. 

Intenfity  of 
the  light  re 
fledled  from 
the  air. 

2ir 

7“5 

778 

" —  <7 

10000  J 

3° 

793°7 

2  5  2? 
,0000  ? 

5 

14231 , 

IOOOO  1 

45 

109099 

1565  a 

IOOOO  2 

IQ 

28257 

Ml  q 

IOOOO  2 

60 

1 30548 

1221  q 

IOOOO  2 

1  r  - 1 

+193I 

2  468 

10000  9 

90 

153128 

*575  q 

IOOOO  2 

29 

55096 

2410 

IOOOO  9. 

180 

169518 

q 

IOOOO  2 

N.  B.  q.  Signifies  the  number  of  times  that  the  light  is  weak¬ 
ened  by  the  reflexion  of  each  particle  of  the  medium. rf* 

#  Tiaitc  d’  Optique.  p.  346.  f  There  is  fomething  rather  obfcure  in  this  article, 
but  I  have  given  the  bell  account  of  it  that  I  could,  without  entering  too  far  into  our 
author’s  long  and  intricate  calculations  on  the  fubjedt.  The  refult  was  too  curious  and 
important  not  to  be  recited,  and  this  was  necehary  in  order  to  introduce  it.  Jt  , 
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It  is  fufficient,  he  fays,  to  caft  our  eyes  upon  the  numbers  of 
this  fmall  table,  to  fee  the  reafon  of  the  two  different  manners 
in  which  we  lofe  fight  of  large  terreftrial  objects  when  they  are 
very  diffant  from  us.  If  a  very  large  mountain  be  covered  with 
wood,  and  be  29  or  30  leagues  from  us,  it  will  fend  but  very  fevv 
rays  of  light  to  our  eye ;  for,  befides  that  the  green  of  foreffs 
refled;  a  very  faint  light,  the  leaves  of  the  trees  are  mixed  with 
fhadows,  which  refled  no  light  at  all.  But  if  the  atmofphere  be 
very  ferene,  the  mountain  will  be  illuminated  by  all  the  aerial 
light,  refleded  by  the  whole  mafs  of  air,  that  lies  between  the 
objed  and  the  eye  of  the  obferver  ;  and  this  colour  will  be  ex- 
preffed  by  -rV&Wy,  while  that  of  all  the  atmofphere,  or  that  of 
the  heavens,  which  can  be  feen  at  the  flde  of  it,  will  be  expref- 
fed  by  -rWoVy ;  and  though  the  difference  be  no  more  than  a 
5  iff  part,  it  will,  in  general,  be  ftrong  enough  to  be  perceived, 
provided  a  perfon  be  attentive  to  it.  If  the  mountain  were  ftill 
hearer,  there  would  be  a  greater  difference  between  the;  fhades  of 
the  aerial  colour*  that  is,  the  light  refleded  from  the  air,  and 

r  it*!  firmfiVfiljO  Ho  Hf/I'Q  Out  mOTl 

the  objed,  always  preferving  the  fame  ffiape,  would  appear  like 
a  thicker  cloud,  and  its  colour  would  appear  a  little  deeper, 
with  refped  to  that  of  the  heavens  ;  whereas,  when  it  is  juft  a- 
bout  to  difappear,  as  in  the  cafe  mentioned  above,  it  will  affume 
the  appearance  of  a  very  light  and  tranfparent  cloud  ;  or,,  which 
is  the  fame  thing,  the  azure  of  the  Iky  will  feem  to  be  covered 
in  the  place  of  the  mountain  with  a  light  gauze. 

If  the  mountain  was  only  18000  or  20000  toifes  diftant,  fome- 
thing  of  its  green  colour  might  be  feen.  Its  light  would  then 
be  weakened,  in  the  proportion  of  1000  to  346,  through  a  de- 
fed  of  tranfparency  of  the  ait ;  and  it  is  this  defed  of  tfanfpa- 
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ren  cy,  which,  together  with  the  aerial  colour,  leflens  the 
fplendor  of  objects.  At  the  fame  time  that  the  mountain 
would  reflect  a  greater  number  of  rays,  the  aerial  colour  would 
be  weaker,  and  the  two  lights  would  reciprocally  leffen  one 
another.  5 Tjy  jjpy  asiiswl  0£  to  s d  brui  <boow 

Thofe  objeds  which,  are  very  near  difappearing,  on  account 
of  their  diftance,  are  feen,  as  one  may  fay,  in  a  negative  manner, 
but  others,  though  more  diftant,  are  feen  in  a  pojitive  manner, 
when  the  light  which  they  fend  to  us  is  ftronger  than  that  which 
comes  from  the  neighbouring  Iky.  If  a  dark  mountain  be  45 
or  50  leagues  off,  the  azure  colour  with  which  it  will  be  en¬ 
lightened  will  be  exprefled  by  T'crcfo'5 15  or  tVoVo  q>  which  dif¬ 

fers  fo  little  from  ,Vo 7o\q9  (which  is  the  aerial  colour  of  the  Iky) 
that  the  difference  would  be  abfolutely  infenfible.  But  if  the 
mountain  be  covered  with  white  fand,  or  fnow,  it  may  be  very 
vifible.  Some  perfons  pretend  that  very  large  objects  may  be 
feen  at  a  greater  diftance,  but  our  author  queftions  the  fad:,  and 
chufes  to  fix  this  limit  at  45  leagues ;  becaufe  at  that  diftance 
from  the  gulf  of  Guayaquil,  Chimboraco,  one  of  the  higheft 
mountains  in  Peru,  and  perhaps  in  the  world,  and  which  has 
every  advantage  to  make  it  confpicuous  could  but  juft  be  feem 
tlpon  the  whole,  he  calculates,  that  the  particles  of  the  air  refled 
only  the  363d  part  of  the  rays  which  they  intercept  ;  and  he 
thinks  that  there  is  reafon  to  fuppofe  that  they  refled  ftill  lefs, 
which  ought  to  make  an  objed  more  vifible,  when,  as  in  the 
cafe  of  this  mountain,  it  is  feen  by  its  own  proper  light.  He 
acknowledges,  however,  that  this  calculation  is  fubjed  to  many 
errors,  and  advifes  thofe  philofophers  who  would  meafure  the 

R'n^unT tpT  ,(54?  OJ  00*01  10  hum «L»quxtr  — jim  hi 

iiitenfity  of  the  aerial  colours  to  compare  them  immediately  with 
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the  light  of  the  moon.  He  alfo  points  out  fome  methods  in 
which  it  might  be  compared  with  the  light  of  the  fun,  and  con¬ 
cludes  with  feveral  obfervations,  that  may  be  of  ufe  for  that  pur- 
pofe.  * 

It  mud;  be  obferved  that  the  diftance  at  which  objects  can  be 
feen  mud:  depend  both  upon  the  intenfity  of  their  light,  and  the 
goodnefs  of  the  eye,  as  well  as  the  tranfparency  of  the  interpofed 
medium.  The  following  fadts  may  fufnifh  fome  light  on  this 
fubjedt. 

The  inhabitants  of  Noedfa,  one  of  the  Molucca  Idands,  in  a 
clear  day,  can  fee  a  candle  burning  in  the  gardens  of  the  Idand 
Magindanao,  which  is  twenty  three  miles  diflant. 

M.  Mufchenbroeck  knew  a  perfon,  he  fays,  who  could  with 
his  naked  eyes,  didinguifh  the  fatellites  of  Jupiter,  as  well  as  he 
himfelf  could  fee  them,  at  the  fame  time,  with  a  telefcope  of 
twelve  feet ;  and  he  quotes  Cicero  for  an  inftance  of  a  perfon, 
who  could  fee  objedts  at  the  didiance  of  i  800  ftadia,  and 

Pliny,  who  gives  an  account  of  a  perfon,  who,  in  the  fecond 
Punic  war,  told  the  number  of  the  Carthagenian  deet  coming 
out  of  their  harbour,  when  he  was  at  Lilibaeum  in  Sicily.  But 
this  ftory  is  certainly  incredible,  if  not  impodible,  on  account  of 
the  curvative  of  the  earth. ■f* 

A  very  great  variety  of  experiments  on  the  power  of  differently 
coloured  mediums  to  intercept  the  light  wras  made  by  M.  Muf¬ 
chenbroeck,  in  which  it  appears,  that  bodies  very  tranfparent 
and  thin,  yet  if  they  be  of  various  colours,  often  effedtually  pre¬ 
vent  the  tranfmiffion  of  light.  When  he  took  pieces  of  glafs, 
of  each  of  the  feven  colours,  though  a  11  of  them  put  together 

► 

*  Traite  d’  Optique,  p.  365.  +  Introdu&io,  Vol.  2,  p.  773. 
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were  not  half  an  inch  thick  ;  yet  no  appearance  of  the  fun  could 
be  feen  through  them.  To  judge  of  the  feparate  effeCt  of  each  of 
the  coloured  pieces,  he  ufed  them  in  a  great  variety  of  combi¬ 
nations,  the  refult  of  which,  with  refpeCt  both  to  the  quantity 
and  the  colour  of  the  tranfmitted  light,  may  be  feen  in  his  In- 
troduBio  ad  Philofophiam  Naturahm ,  Vol.  2,  p.  800.  From  the 
whole  he  concluded,  that  the  red  rays  of  the  fun  were  in  great 
quantity  in  a  white  beam  of  light,  that  they  were  eafily  tranf¬ 
mitted  through  the  glaffes  that  were  red,,  orange,  and  yellow, 
but  in  a  fmall  quantity  through  that  which  was  green,  fo  that 
the  green,  the  blue,  the  purple,  and  violet  rays  were  feparated 
from  the  white  beam  of  light  when  it  was  intercepted  by  the  red 
glafs.  It  appeared,  therefore,  that  when  the  red  rays  had  been 
tranfmitted  through  pieces  of  red,  orange,  and  yellow  glafs, 
there  remained  but  few  rays  that  could  pafs  through  the  piece  of 
green  glafs  laid  behind  them.  For  no  green  rays  would  arrive 
there,  nor  were  there  any  blue  rays  to  arrive  at  the  piece  of  blue 
glafs,  placed  behind  them  ;  fo  that  all  the  pieces  put  together 
made  an  opaque  mafs. 

In  making  thefe  experiments,  he  could  not  find  what  became 
of  the  red  light,  which,  after  having  palled  through  the  red,  o- 
range,  and  yellow  glafs,  was  intercepted  by  the  green  ;  but  he 
feemed  to  imagine,  that  it  might  either  be  reflected  back  again  in¬ 
to  the  red  glafs,  or  be  difperfed  in  all  directions  within  the  green; * 

The  fame  philofopher  alfo  made  obfervations  on  the  appear¬ 
ance  of  the  fun  through  various  numbers  of  plates  of  the  fame 
colour,  and  found  that  when  a  beam  of  light  was  tranfmitted 
through  a  number  of  blue  glaffes,  objects  placed  in  the  tranf- 

*  Introdu&io,  Vol.  2,  p,  801. 
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mitted  light  appeared  of  a  deeper  and  deeper  blue,  till  they  became 
purple.  Through  five  of  the  blue  plates  of  glafs  the  fun  ap¬ 
peared  white,  but  when  he  ufed  fix,  it  began  to  appear  of  a 
purple  colour,  which  grew  deeper  by  the  addition  of  every  plate, 
till  with  fifteen  of  thofe  plates,  which  were  an  inch  in  thick- 
nefs,  nothing  of  the  fun  could  be  feen.* 

In  the  courfe  of  this,  and  the  preceding  feCtion,  it  has  appear¬ 
ed  that,  according  to  the  obfervations  of  M.  Bouguer,  light  is 
abforbed,  or  extinguished,  in  confequence  of  its  falling  with  a 
certain  angle  of  incidence  on  the  furfaces  of  bodies,  and  not  by 
impinging  on  their  folid  parts,  as  Newton  fuppofed,  and  that 
when  light  is  tranfmitted  through  feveral  tranfparent  fubftances, 
the  thicknefs  of  them  has  little  effeCt  in  comparifon  with  the  num¬ 
ber  of  furfaces.  But  fome  experiments  which  Mr.  Canton  has 
lately  made  with  his  artificial  phofphorus  feem  to  Show  that, 
in  fome  cafes,  the  tranfmifiion  of  light  is  very  confiderably  im¬ 
peded  by  the  thicknefs  of  the  moil  tranfparent  mediums. 

He  took  two  pieces  of  the  fined:  flint  glafs,  equally  tranfpa¬ 
rent,  and  having  their  fides  ground  truly  parallel,  but  one  of 
them  ten  times  as  thick  as  the  other.  Thefe  he  placed  in  fuch 
a  manner,  that  the  light  of  an  electrical  explofion  might  pafs 
through  them,  and  fall  upon  pieces  of  his  phofphorus  ;  and  not¬ 
withstanding  there  were  no  more  than  two  furfaces  in  each  cafe, 
and  the  difference  of  the  lofs  of  light  in  the  intervals  between 
them  mult,  according  to  M.  Bouguer’s  experiments,  have  been 
very  inconfiderable,  there  was  a  very  great  and  manifest  difference 
in  the  light  tranfmitted  through  them  ;  the  phofphorus  not  be¬ 
ing  near  fo  flrongly  illuminated  by  the  light  of  exactly  equal  ex- 
plofions  through  the  thick  glafs,  as  through  the  thin  one. 

*  Introduflio,  Vol.  z,  p.  801. 
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I  have  myfelf  repeated  thefe  experiments  with  a  good  deal  of 
attention,  and  have  found  that  the  phofphorus  is  more  Itrongly 
illuminated  through  feven  pieces  of  very  thin  glafs,  than  through 
one  piece  only,  equally  tranfparent,  that  was  a  quarter  of  an  inch 
thick,  though  there  were  feveral  circumftances  that  favoured 
the  tranfmiffion  of  the  light  through  the  thick  glafs  more  than 
through  the  thin  ones  ;  fo  that  I  have  no  doubt  but  that,  in  this 
manner,  more  light  might  be  tranfmitted  through  twelve  or 
twenty  pieces  of  very  thin  glafs  than  through  one  of  a  quar¬ 
ter  of  an  inch  thick. 

It  is  remarkable,  however,  that  when  the  phofphorus  is  illu¬ 
minated  by  the  light  of  the  fun  through  thefe  glades,  no  fuch 
difference  can  be  perceived,  the  phofphorus  being,  to  appear¬ 
ance,  as  much  illuminated  (by  a  beam  of  the  fun  in  a  darkened 
room)  through  the  thick  glafs,  as  through  a  thin  one;  though, 
when  I  made  the  phofphorus  pafs  as  quickly  as  I  polTibly  could 
through  the  beam  of  light,  I  imagined  that  more  went  through 
the  thin  glafs  than  the  thick  one,  but  if  they  remained  in  the 
light  for  the  lead  fenfible  fpace  of  time,  even  lefs  than  a  quarter 
of  a  fecond,  the  difference  vanifhed. 

It  is  to  be  obferved  that  the  emiffion  of  light  in  an  electrical 
explolion  is  momentary ,  and  that  it  is  hardly  poffible  to  pafs  the 
phofphorus  through  the  fun  beam  fo  quick,  but  that,  with  re- 
fpedt  to  the  electrical  explolion,  it  may  be  faid  to  be  a  confidera- 
ble  time  expofed  to  the  light,  and  that  the  particles  of  light  aCt 
upon  it  in  fuccejjion.  But  why  this  circumftance  Ihould  make  fo 
great  a  difference  in  this  cafe,  I  own,  I  am  not  able  to  explain. 
The  fadt,  however,  is  very  remarkable,  and  well  deferves  to  be 
examined  with  attention. 
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Observations  on  the  BLUE  SHADOWS  of  bodies,  the 

BLUE  COLOUR  OF  THE  SKY,  AND  THE  RED  COLOUR  OF  THE 
MORNING  AND  EVENING  CLOUDS. 


A  VARIETY  of  natural  phenomena  demonflrate  that  a  great 
proportion  of  the  fainter  coloured  rays  are  flopped  in 
their  paffage  through  the  atmofphere,  and  thence  reflected  up¬ 
on  other  bodies,  while  the  red  and  the  orange  coloured  rays  are 
tranfmitted  to  greater  diflances.  This  circumflance  explains  the 
obfervations  that  have  been  made  on  the  blue  fhadows  of  bodies, 
the  blue  colour  of  the  fky,  and  the  red  colour  of  the  clouds  when 
the  fun  is  near  the  horizon.  The  two  lafl  are  fadts  that  have 
efcaped  the  notice  of  no  perfon,  but  the  other  was  firfl  obferved 
by  the  famous  Otto  Guericke,  and  his  obfervation  being  over¬ 
looked,  it  was  again  noticed  by  M.  Buffon.  As  the  fadt  is  ex¬ 
ceedingly  curious,  and  was  afterwards  ingenioufly  diverfified  and 
completely  explained  by  later  philofophers,  I  fhall  give  the  fub- 
jedt  rather  more  room  than  it  might  otherwife  deferve. 

The  opinions  of  early  writers  on  the  fubjedf  of  the  blue  colour 
of  the  fky  are  hardly  worth  reciting.  Fromondus  thought  that 
it  arofe  from  a  mixture  of  light,  and  the  black  appearance  of  the 
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fpace  beyond  the  atmofphere.  Faber,  who  was  much  diflatislied 
with  the  opinion  of  Fromondus,  maintained  that  it  arifes  from 
the  reflexion  of  the  light  by  particles  floating  in  the  air ;  and 
Funccius,  who  wrote  an  intire  treatife  on  the  fubjed:,  again 
fupported  an  opinion  not  much  different  from  that  of  Fromon¬ 
dus,  afferting  that  the  blue  colour  of  the  fky  is  a  mixture  of 
much  fhade  and  a  little  light.  The  opinion  of  Fromondus  pre¬ 
vailed  almofl;  unanimoufly  till  the  prefent  period,  and  has  had  many 
advocates  even  in  modern  times,  efpecially  the  celebrated  Wolf, 
and  Mufchenbroek.  Dr.  Eberhard,  who  recites  thefe  opinions, 
thinks  that  the  air  has  a  proper  colour,  in  confequence  of  re- 
f ratting  the  blue  rays  more  than  others.  *  But  this  by  no  means 
accounts  for  the  feparation  of  all  the  blue  from  all  the  red  rays  to 
an  eye  placed  within  the  atmofphere.  Befldes,  the  reflexion  of 
the  blue  rays,  and  the  tranfmiflion  of  the  red  ones,  which  was 
advanced  by  M.  Bouguer  and  others,  before  Dr.  Eberhard  wrote, 
gives  an  eafy  folution  of  the  phenomenon. 

It  was  the  opinion  of  Otto  Guericke,  as  well  as  of  all  his  co¬ 
temporaries,  that  the  blue  colour  of  the  fky  is  nothing  but  a  com¬ 
pound  of  light  and  fhade,  or  white  and  black,  and  he  aflerts  that 
fuch  a  mixture  will  make  a  blue.  As  a  proof  of  this,  he  fays, 
that  if,  in  the  morning,  the  light  of  a  candle  be  fhaded,  fo  that 
it  cannot  but  fall  upon  a  piece  of  white  paper,  the  fhadow  will  be 
perfectly  blue,  and  not  black. -f*  One  would  think  that  if  he  had 
actually  mixed  white  and  black  powders,  he  could  not  but  have 
been  fenfible  that  the  refult  was  not  blue,  and  therefore  that  the 
blue  in  this  cafe  muff  have  proceeded  from  fome  other  caufe. 
But  Otto  Guericke  is  not  the  only  great  man  who  have  overlook- 

*  Atta  Nova.  Caef.  Tom.  2.  App.  p.  263.  f  Experimenta  Magdeburgica,  p.  142. 
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ed  the  mod:  obvious  fa£ls  and  obfervations,  when  they  have  not 
been  favourable  to  a  particular  hypothecs.  We  fhall  not  won¬ 
der  at  a  philofopher  of  fo  early  an  age  not  underftanding  this 
phenomenon,  when  we  find  both  M.  Buffon  and  M.  Mazeas, 
who  gave  a  good  deal  of  attention  to  it,  were  ignorant  of  the 
cv.ufe  of  it.  It  is  rather  remarkable,  however,  that  fo  curious  an 
appearance  as  this  of  blue  Jhadows  fhould  pafs  unnoticed  near  a 
century,  and  fhould  then  be  hit  upon  by  mere  accident,  as  at  the 
fird.  'For  it  was  not  till  the  month  of  July  1742,  that  M. 
Buffon,  as  he  was  bufy  upon  the  fubjedt  of  accidental  colours ,  of 
which  an  account  will  be  given  in  its  proper  place  (when  he  was 
waiting  to  fee  the  fun  near  the  horizon,  that  he  might  look  upon 
it  without  any  injury  to  his  eye,  and  might  thereby  be  enabled 
to  obferve  the  colours,  and  the  changes  of  colour  made  by  the 
impreflion  of  light  upon  his  eye,)  obferved  that  the  fhadows  of 
trees  which  fell  upon  a  white  wall  were  green.  He  was  at  that 
time  {landing  upon  an  eminence,  and  the  fun  was  fetting  in  the 
cleft  of  a  mountain,  fo  that  he  appeared  confiderably  lower  than 
the  horizon.  The  fky  was  clear,  excepting  in  the  Weft,  which, 
though  free  from  clouds,  was  lightly  fhaded  with  vapours,  of  a 
yellow  colour,  inclining  to  red.  The  fun  itfelf  was  exceedingly 
red,  and  was  feemingly,  at  lead,  four  times  as  large  as  he  appears 
to  be  at  mid-day.  In  thefe  circumdances  he  faw  very  didindtly 
the  fhadows  of  the  trees,  which  were  30  or  40  feet  from  the 
white  wall,  coloured  with  a  light  green,  inclining  to  blue.  The 
fhadow  of  an  arbour,  which  was  three  feet  from  the  wall,  was 
exadtly  drawn  upon  it,  and  looked  as  if  it  had  been  newly  paint¬ 
ed  with  verdegris.  This  appearance  laded  near  five  minutes, 
after  which  it  grew  fainter,  and  vanifhed  at  the  fame  time  with 
the  light  of  the  fun.  The 
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The  next  morning,  at  fun  rife,  he  went  to  obferve  other  fha- 
dows,  upon  another  white  wall ;  but  inftead  of  finding  them 
greeny  as  he  expedled,  he  obferved  that  they  were  bluey  or  rather 
of  the  colour  of  lively  indigo.  The  fky  was  ferene,  except  a 
flight  covering  of  yellowifli  vapours  in  the  Eaft,  and  the  fun  a- 
rofe  behind  a  hill,  fo  that  it  was  elevated  above  his  horizon.  In 
thefe  circumftances  the  blue  fhadows  were  only  vifible  three  mi¬ 
nutes  ;  after  which  they  appeared  black,  and  in  the  evening  of 
the  fame  day  he  obferved  the  green  fhadows  exactly  as  before. 
Six  days  pafled  without  his  being  able  to  repeat  his  obfervations, 
on  account  of  clouds  ;  but  the  7th  day,  at  fun  fet,  the  fhadows 
were  not  green,  but  of  a  beautiful  fky  blue.  He  alfo  obferved, 
that  the  fky  was,  in  a  great  meafure,  free  from  vapours  at  that 
time,  and  that  the  fun  fet  behind  a  rock,  fo  that  it  difappeared 
before  it  came  to  his  horizon.  Afterwards  he  often  obferved  the 
fhadows  both  at  fun  rife  and  fun  fet,  but  always  obferved  them 
to  be  blue,  though  with  a  great  variety  of  fhades  of  that  colour. 
He  fhewed  this  phenomenon  to  many  of  his  friends  who  were 
as  much  furprifed  at  it  as  he  himfelf  had  been,  but  he  fays  that 
any  perfon  may  fee  a  blue  fhadow,  if  he  will  only  hold  his  fin¬ 
ger  before  a  piece  of  white  paper  at  fun  rife  or  fun  fet.* 

The  firft  perfon  who  attempted  to  explain  this  phenomenon 
was  the  Abbe  Mazeas,  in  a  memoir  of  the  fociety  in  Berlin  for 
the  year  1752.  He  obferved  that  when  an  opaque  body  was  il¬ 
luminated  by  the  moon,  and  a  candle  at  the  fame  time,  and  the 
two  fhadows  were  caff:  upon  the  fame  white  wall,  that  which  was 
enlightened  by  the  candle  was  reddifh,  and  that  which  was  en¬ 
lightened  by  the  moon  was  blue.  But,  without  attending  to 

*  Ac.  Par.  1743,  M.  p.  217. 
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any  other  circumftances,  he  fuppofed  the  change  of  colour  to  be 
occafioned  by  the  diminution  of  the  light ;  but  M.  Melville,  and 
M.  Bouguer,  both  independent  of  one  another,  feem  to  have 
hit  upon  the  true  caufe  of  this  curious  appearance,  and  which  I 
have  already  hinted  at.  The  former  of  thefe  gentlemen,  in  his 
(attempts  to  explain  the  blue  colour  of  the  fky,  obferves,  that* 
hnce.it  is  certain  that  no  body  aflfumes  any  particular  colour,  but 
becaufe  it  refledts  one  fort  of  rays  more  abundantly  than  the  reft ; 
and  fince  it  cannot  be  fuppofed  that  the  conftituent  parts  of  pure 
air  are  grofs  enough  to  feparate  any  colours  of  themfelves,  we 
muft  conclude  with  Sir  Ifaac  Newton,  that  the  violet  and  blue 
making  rays  are  reflected  more  copioufly  than  the  reft,  by  the 
finer  vapours  diffufed  through  the  atmofphere,  whofe  parts  are 
not  big  enough  to  give  them  the  appearance  of  vifible  opaque 
clouds.  And  without  referring  to  Otto  Guericke,  or  M.  Buffon, 
and  probably  without  knowing  what  had  been  obferved  by  them, 
he  fhews  that,  in  proper  circumftances,  the  bluifti  colour  of  the 
fky  light  may  be  actually  feen  on  bodies  illuminated  by  it,  as,  hi 
fays,  it  is  objected  fhould  always  happen  upon  this  hypothefis. 
For  that  if,  on  a  clear  cloudlefs  day,  a  ftieet  of  white  paper  be  ex- 
pofed  to  the  fun’s  beams,  when  any  opaque  body  is  placed  up¬ 
on  it,  the  fhadow  which  is  illuminated  by  the  Iky  only  will  ap¬ 
pear  remarkably  bluifti  compared  with  the  reft  of  the  paper, 
which  receives  the  fun’s  diredt  rays.* 

M.  Bouguer  had  no  recourfe  to  the  vapours  diffufed  through 
the  atmofphere  to  account  for  the  reflexion  of  the  blue  making 
rays ;  but  feems  rather  to  fuppofe,  that  it  arifes  from  the  confti- 
tution  of  the  air  itfelf,  whereby  thofe  fainter  coloured  rays  are 

*  Edinb.  EfFays,  Vol.  2,  p.  75. 
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incapable  of  making  their  way  through  any  confiderable  trad  of 
it.  He,  therefore,  fays  that  the  colour  of  the  air  is  properly 
blue,  though  probably  mixed  with  other  rays  that  are  eafily  re¬ 
flected  ;  and  that  it  furnifhes  an  explanation  of  a  remarkable 
phenomenon,  which  had  not  efcaped  the  notice  of  painters,  and 
occafioned  a  memoir  of  M.  BufFon ;  but  of  which  no  perfon 
that  he  knew  of  had  afligned  the  true  reafon.  The  morning  and 
the  evening  fhadows,  he  fays,  are  of  a  lively  blue,  and  a  candle 
produces  nearly  the  fame  efFeCt.  This  phenomenon,  he  obferves, 
is  caufed  by  the  aerial  colour  of  the  atmofphere,  which  enligh¬ 
tens  thefe  fhadows,  and  in  which  the  blue  rays  prevail,  while  the 
red  rays  are  not  reflected  fo  foon,  but  pafs  on  to  the  remoter  re¬ 
gions  of  the  atmofphere.* 

I  rauft  alfo  add  that  Dr.  Smith  obferves  that  the  air  chiefly  af- 
feCts  the  blue  making  rays,  and  accounts  for  the  red  appearance 
of  the  fun  and  moon  near  the  horizon  upon  this  principle. -J^ 

M.  Beguelin,  who  has  taken  the  mo  ft  pains  with  this  fubjeCt, 
obferves  that,  as  M.  BufFon  mentions  the  fhadows  appearing  green 
only  twice,  and  that  at  all  other  times  they  are  blue,  this  is  the  co¬ 
lour  which  they  regularly  have,  and  that  the  blue  was  changed  into 
green  by  fome  accidental  circumflance.  Green,  he  fays,  is  only  a 
compofition  of  blue  and  yellow,  fo  that  this  accidental  change  may 
have  arifen  from  the  mixture  of  fome  yellow  rays  in  the  blue 
fhadow ;  and  that  perhaps  the  wall  might  have  had  that  tinge, 
fo  that  the  blue  is  the  only  colour  for  which  a  general  reafon  is 
required.  And  this  he  fays,  mull  be  derived  from  the  colour  of 
pure  air,  which  always  appears  blue,  and  which  always  reflects 
that  colour,  upon  all  objeCts  without  diftinCtion  ;  but  which  is 

Traite  d’  Optique,  p.  368.  f  Opticks.  Remarks,  p.  63. 
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too  faint  to  be  perceived  when  our  eyes  are  ftrongly  affedted  by 
the  light  of  the  fun,  reflected  from  other  objects  around  us. 

To  confirm  this  hypothefis,  he  adds  feme  curious  obfervations 
of  his  own,  in  which  this  appearance  is  agreeably  diverfified,  and 
for  the  fake  of  which  I  have  introduced  his  remarks.  Being  at 
the  village  of  Boucholtz  in  July  1764,  he  obferved  the  fhadows 
projected  on  the  white  paper  of  his  pocket  book,  when  the  Iky 
was  clear.  At  half  an  hour  pafi:  fix  in  the  evening,  when  the 
fun  was  about  four  degrees  high,  he  obferved  that  the  fhadow  of 
his  finger  was  of  a  dark  grey,  while  he  held  the  paper  oppofite  to 
the  fun;  but  when  he  inclined  it  almofi:  horizontally,  the  paper  had 
a  bluifh  caft,  and  the  £hadow  upon  it  was  of  beautiful  bright 
blue. 

When  his  eye  was  placed  between  the  fun  and  the  paper  laid 
horizontally,  it  always  appeared  of  a  bluifh  caff ;  but  when  he 
held  the  paper,  thus  inclined,  between  his  eye  and  the  fun,  he 
could  diftinguifh,  upon  every  little  eminence  occafioned  by  the 
inequality  of  the  furface  of  the  paper,  the  principal  of  the  prif- 
matick  colours.  He  alfo  perceived  them  upon  his  nails,  and 
upon  the  fkin  of  his  hand.  This  multitude  of  coloured  points 
red,  yellow,  green,  and  blue,  almofi:  effaced  the  natural  colour 
of  the  objects . 

At  three  quarters  pafi:  fix,  the  fhadows  began  to  be  blue,  even 
when  the  rays  of  the  fun  fell  perpendicularly.  The  colour  was 
the  moft  lively  when  the  rays  fell  upon  it  at  an  angle  of  forty- 
five  degrees,  but,  with  a  lefs  inclination  of  the  paper,  he  could 
diftindtly  perceive  that  the  blue  fhadow  had  a  border  of  a  ffronger 
blue,  on  that  fide  which  looked  towards  the  iky,  and  a  red  bor¬ 
der  on  that  fide  which  was  turned  towards  the  earth.  To  fee 
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thefe  borders,  the  body  that  made  the  fhadow  was  obliged  to  be 
placed  very  near  the  paper  ;  and  the  nearer  it  was,  the  more  fen- 
fible  was  the  red  border.  At  the  diftance  of  three  inches,  the 
whole  fhadow  was  blue.  At  every  obfervation,  after  having  held 
the  paper  towards  the  fky,  he  turned  it  towards  the  earth,  which 
was  covered  with  verdure  j  holding  it  in  fuch  a  manner,  that 
the  fun  might  fhine  upon  it  while  it  received  the  fhadows  of  va¬ 
rious  bodies,  but,  in  this  pofition,  he  could  never  perceive  the 
fhadow  to  be  blue  or  green  at  any  inclination  with  refpedt  to  the 
fun’s  rays. 

At  feven  o’clock,  the  fun  being  ftill  about  two  degrees  high, 
the  fhadows  were  of  a-  bright  blue,  even  when  the  rays  fell  per¬ 
pendicularly  upon  the  paper,  but  were  the  brighteft  when  it  was 
inclined  at  an  angle  of  forty-five  degrees,  At  this  time  he  was 
furprifed  to  obferve  that  a  large  tradt  of  fky  was  not  favourable 
to  this  blue  colour,  and  that  the  fhadow  falling  upon  the  paper 
placed  horizontally  was  not  coloured,  or,  at  leaft,  the  blue  was 
very  faint.  This  Angularity  he  concluded  arofe  from  the  final! 
difference  between  the  light  of  that  part  of  the  paper  which  re¬ 
ceived  the  rays  of  the  fun,  and  that  which  was  in  the  fhade  in 
this  fituation.  In  a  fituation  precifely  horizontal,  the  difference 
would  vanifh,  and  there  could  be  no  fhadow.  Thus  too  much 
or  too  little  of  the  fun’s  light  produced,  but  for  different  reafons, 
the  fame  effedt ;  for  they  both  made  the  blue  light  reflected  from 
the  fky  to  become  infenfible.  This  gentleman  never  faw  any 
green  fhadows,  but  when  he  made  them  fall  on  yellow  paper. 
But  he  does  not  abfolutely  fay  that  green  lhadows  cannot  be  pro¬ 
duced  in  any  other  manner,  and  fuppofes  that  if  it  was  on  the 
fame  wall  that  M.  Buffon  faw  the  blue  fhadows,  feven  days  af- 
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ter  having  feen  the  green  ones,  he  thinks  that  the  caufe  of  it 
might  be  the  mixture  of  yellow  rays,  reflected  from  the  vapours, 
which  he  obferves  were  of  that  colour. 

Thefe  blue  fhadows,  our  author  obferves,  are  not  confined  to 
the  times  of  fun  rifing  and  fun  fetting  ;  for  on  the  nineteenth  of 
Jufy,  when  the  fun  has  the  greateft  force,  he  obferved  them  at 
three  o’clock  in  the  afternoon,  but  the  fun  fhone  through  a  mift 
at  that  time. 

If  the  fky  is  clear,  the  fhadows  begin  to  be  blue,  when  if 
they  be  proje&ed  horizontally,  they  are  eight  times  as  long  as  the 
height  of  the  body  that  produces  them,  that  is,  when  the  cen¬ 
ter  of  the  fun  is  8'  above  the  horizon.  This  obfervation  he 
fays  was  made  in  the  beginning  of  Auguft. 

Befides  thefe  coloured  fhadows,  which  are  produced  by  the  in¬ 
terception  of  the  direct  rays  of  the  fun,  our  author  obferved  o- 
thers  fimilar  to  them  at  every  hour  of  the  day,  in  rooms  into 
which  the  light  of  the  fun  was  refle&ed  from  fome  white  body, 
if  any  part  of  the  clear  Iky  could  be  feen  from  the  place,  and  all 
unneceffary  light  was  excluded  as  much  as  poflible.  Obferving 
thefe  precautions,  he  fays  that  the  blue  fhadows  may  be  feen  at 
any  hour  of  the  day,  even  with  the  direct  light  of  the  fun,  and 
that  this  colour  will  difappear  in  all  thofe  places  of  the  fhadow 
from  which  the  blue  fky  cannot  be  feen. 

All  the  obfervations  that  our  author  made  upon  the  yellow  or 
reddifh  borders  of  fhadows,  above  mentioned,  led  him  to  con¬ 
clude  that  they  were  occafioned  by  the  interception  of  the  fky 
light,  whereby  part  of  the  fhadow  was  illuminated  either  by  the 
red  rays  reflected  from  the  clouds,  when  the  fun  is  near  the  hori¬ 
zon,  or  from  fome  terreflrial  bodies  in  the  neighbourhood. 

This 
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This  conjecture  is  favoured  by  the  neceflity  he  was  under  of 
placing  any  body  near  the  paper,  in  order  to  produce  this  bor¬ 
dered  fhadow,  as  he  fays,  it  is  eafily  demonftrated,  that  the  in¬ 
terception  of  the  iky  light  can  only  take  place  when  the  breadth 
of  the  opaque  body  is  to  its  diftance  from  the  white  ground  on 
which  the  fhadow  falls,  as  twice  the  fine  of  half  the  amplitude 
of  the  fky  to  its  cofine. 

At  the  conclufion  of  his  obfervations  on  thefe  blue  fhadows, 
he  gives  a  fhort  account  of  another  kind  of  them,  which,  he  does 
not  doubt,  have  the  fame  origin.  Thefe  he  often  faw  early  in  the 
fpring  when  he  was  reading  by  the  light  of  a  candle  in  the  morn¬ 
ing,  and  confequently  the  twilight  mixed  with  that  of  his  candle. 
In  thefe  circumftances  the  fhadow  that  was  made  by  intercepting 
the  light  of  his  candle,  at  the  diftance  of  about  fix  feet,  was  of  a 
beautiful  and  clear  blue,  which  became  deeper  as  the  opaque 
body  which  made  the  fhadow  was  brought  nearer  to  the  wall, 
and  was  exceedingly  deep  at  the  diftance  of  a  few  inches  only. 
But  wherever  the  day  light  did  not  come,  the  fhadows  were  all 
black,  without  the  leaft  mixture  of  blue.* 

Mr.  Melville  objects  to  the  opinion  of  Sir  Ifaac  Newton,  and 
the  generality  of  philofophers,  concerning  the  caufe  of  the  va¬ 
rious  colours  reflected  by  the  clouds ,  and  gives  an  explication  of 
this  phenomenon  agreeably  to  his  obfervations  concerning  the 
blue  fhadows ;  thefe  being  caufed  by  the  blue  coloured  rays  re¬ 
flected  from  the  atmofphere,  and  the  other  by  the  red  and  orange, 
which  alone  can  reach  the  clouds  after  the  fun  beams  have  been 
deprived  of  the  blue  and  fainter  colours,  in  their  palfage  through 
a  long  trad  of  air. 


Ac.  Berlin,  1767,  p.  27. 
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It  was  the  opinion  of  Sir  Ifaac  Newton,  that  the  different  co¬ 
lour  of  the  clouds  depends  upon  the  different  fize  of  the  globules, 
into  which  the  vapours  are  condenfed,  and  in  fo  tranfparent  a 
fubftance  as  water,  he  owns,  that  he  can  fee  no  other  reafon  for 
the  production  of  thefe  colours.'*  But,  fays  Mr.  Melville,  why 
fhould  the  particles  of  the  clouds  become  at  that  particular  time, 
and  never  at  any  other,  of  fuch  a  magnitude  as  to  feparate  thefe 
colours  ?  And  why  are  they  rarely,  if  ever,  feen  tinCtured  with 
blue  and  green,  as  well  as  red,  orange,  or  yellow  ?  Is  it  not 
more  credible,  that  the  feparation  of  rays  is  made  in  palling 
through  the  horizontal  atmofphere,  and  that  the  clouds  only  re¬ 
flect  and  tranfmit  the  fun’s  light,  as  any  half  tranfparent  colour- 
lefs  body  would  do  in  their  place  ?  For  flnce  the  atmofphere  re¬ 
flects  a  greater  quantity  of  blue  and  violet  rays  than  of  the  reft, 
the  fun’s  light  tranfmitted  through  it  ought  to  incline  towards 
yellow,  orange,  or  red ;  efpecially  when  it  paffes  through  the 
greateft  traCt  of  air.  Accordingly,  every  one  mult  have  remark¬ 
ed,  that  the  funs  horizontal  light  is  fometimes  fo  deeply  tinc¬ 
tured,  that  objeCts  direCtly  illuminated  by  it  appear  of  a  high 
orange,  or  even  red.  At  that  inftant  is  it  any  wonder,  fays  he, 
that  the  colourlefs  ^clouds  refleCt  the  fame  rays  in  a  more  bright 
and  lively  manner  ? 

It  is  obfervable,  fays  our  author,  that  the  clouds  do  not  com¬ 
monly  affume  their  brighter  dies  till  the  fun  is  fome  minutes  fet, 
and  that  they  pafs  from  yellow  to  a  flaming  gold  colour,  and  thence, 
by  degrees,  to  red,  which  turns  deeper  and  deeper,  though  fainter, 
till  the  fun  leaves  them  altogether.  Now  it  is  plain  that  the 
clouds  at  that  time  receive  the  fun’s  light  through  a  much 
:  .  .  >5onfiflib 

*  Opticks,  p.  228. 
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longer  traCl  of  air  than  they  do  at  the  inftant  of  his  fetting, 
perhaps  by  the  difference  of  a  ioo  miles,  or  more,  as  may  be 
computed  from  their  height,  or  the  duration  of  their  colours. 
Is  it  not,  therefore,  natural  to  imagine,  that,  as  the  funs  light 
becomes  always  fomewhat  yellowifh,  or  orange,  in  paffing 
through  the  depth  of  the  atmofphere  horizontally,  it  ought  to 
incline  more  and  more  from  orange  towards  red,  by  paffing 
through  a  ftill  greater  traCt  of  air  ;  fo  that  the  clouds,  according 
to  their  different  altitudes,  may  affume  all  the  variety  of  colours 
at  fun  riling  and  fetting,  by  barely  reflecting  the  fun’s  incident 
light  as  they  receive  it  ? 

Our  author  was  confirmed  in  this  opinion  by  frequently  ob- 
ferving,  when  he  was  in  Switzerland,  that  the  fnowy  fummits 
of  the  alps  turned  more  and  more  reddifh  after  fun  fet,  in  the 
fame  manner  as  the  clouds,  and  he  obferves  that  what  makes  the 
fame  colours  much  more  rich  and  copious  in  the  clouds  is  their 
femi-tranfparency,  joined  with  the  obliquity  of  their  fituation. 

Does  it  not  greatly  confirm  this  explication,  he  fays,  that  thefe 
coloured  clouds  immediately  refume  that  dark  leaden  hue,  which 
they  receive  from  the  fky,  as  foon  as  the  fun’s  direCt  rays  ceafe  to 
ftrike  upon  them  ?  For  if  their  gaudy  colours  arofe,  like  thofe 
of  the  foap  bubble,  from  the  particular  fize  of  their  parts,  they 
then  would  preferve  nearly  the  fame  colours,  though  much  fainter, 
when  illuminated  only  by  the  atmofphere.  About  the  time  of 
fun  fet,  or  a  little  after,  the  lower  part  of  the  fky,  to  fome  dis¬ 
tance,  on  each  fide  from  the  place  of  his  fetting,  feems  to  incline 
to  a  faint  fea  green,  by  the  mixture  of  his  tranfmitted  beams, 
which  are  then  yellowifh,  with  the  aetherial  blue.  At  greater 
diftances,  this  faint  green  gradually  changes  into  a  reddifh  brown, 

becaufe 
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becaufe  the  fun’s  rays,  by  paffing  through  more  air,  begin  to  in¬ 
cline  to  orange.  At  the  fame  time,  on  the  oppofite  fide  of  the 
hemifphere,  the  colour  of  the  horizontal  Iky  inclines  fenfibly  to 
purple,  becaufe  the  tranfmitted  light,  which  mixes  with  the 
azure,  by  pafling  through  a  ftill  greater  length  of  air,  becomes 
reddifh. 

To  underftand  diftinCtly  why  the  fun’s  rays,  by  pafling  through 
a  greater  and  greater  quantity  of  air,  change,  by  degrees,  from 
white  to  yellow,  from  thence  to  orange,  and  laftly  to  red,  our 
author  obferves,  that  we  have  only  to  apply  to  the  atmofphere 
what  Sir  Ifaac  fays  concerning  the  colour  of  tranfparent  liquors 
in  general,  and  I  would  add  that  of  the  infufion  of  lignum 
nephriticum  in  particular. 

Our  author  concludes  thefe  judicious  obfervations,  with  a  con¬ 
jecture,  that  it  is  the  lame  coloured  light,  of  the  rifing  and  fet- 
ting  fun,  which  tinCtures  the  clouds,  that,  being  thrown  by  the 
refraCtion  of  the  atmofphere  into  the  fhadow  of  the  earth,  fome- 
times  gives  the  moon,  in  total  eclipfes,  the  obfcure  reddifh  co¬ 
lour  of  brick.  He  alfo  obferves  that,  as  the  rays,  which  pafs 
through  the  greateft  traCt  of  air  become  reddifh,  thofe  which 
pafs  through  the  leaft  yellowifh,  and  the  intermediate  ones  o- 
range,  the  red  muft  converge  the  fafteft  into  the  fhadow,  after 
them  the  orange,  and  laftly  the  yellow  ;  fo  that  the  whole  fpace 
of  the  earth’s  fhadow  being  filled  with  a  faint  light,  the  colour 
of  which  verges  always  more  towards  red,  in  approaching  the 
earth,  the  colour  of  the  moon  in  total  eclipfes  muft  vary  like- 
wife,  according  to  her  diftance  from  the  earth  at  the  time  of  ob- 
fervation  ;  and,  he  imagined,  would  always  be  more  inclined  to 
red  at  entering  and  leaving  the  fhadow  than  in  the  middle. 

Let 
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.  « 

Let  aftronomers,  fays  he,  determine  whether  the  phenomena 
agree  with  this  theory.* 

4  ,  \  f  T  f «  i »  ■  ,  .  .  fc  r  \ 
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CHAPTER  IV. 


MISCELLANEOUS  observations  relating  to  the 

REFLEXION  OF  LIGHT. 

j  fir  i  Hi-.:  l»*.x  \ 

§  i .  /*~\B  S  E  R  V  A  T I O  N  S  on  the  manner  in  which  heat  is  ex- 
cited  by  the  reflexion  of  light. 

It  is  well  known  that  one  effeCt  of  light,  efpecially  when  it  is 
denfe,  as  in  the  fun’s  rays,  is  the  production  of  heat,  and  we 
are  obliged  to  Mr.  Melville  for  fome  ingenious  obfervations  on 
the  manner  in  which  bodies  are  heated  by  light.  He  obferves, 
that,  as  each  colorific  particle  of  an  opaque  body  muft  be  fome 
what  moved  by  the  reaction  of  the  particles  of  light,  when  it  is 
reflected  backwards  and  forwards  between  the  fame  particles,  it 
is  manifeft  that  they  muft,  likewife,  be  agitated  with  a  vibratory 
motion,  and  the  time  of  a  vibration  will  be  equal  to  that  which 
light  takes  up  in  moving  from  one  particle  of  a  body  to  another 
adjoining.,|*  This  diftance,  in  the  moft  folid  opaque  bodies,  can- 

*  Edinb.  Eftays,  Vol.  2,  p.  75.  f  This  is  evidently  a  miftake  in  Mr.  Melville, 
as  it  is  by  no  means  neceflary  to  fuppofe  that  the  velocity  of  the  parts  of  bodies  Ihould  be 
the  fame  with  that  of  the  light,  by  the  impulfe  of  which  they  are  put  in  motion.  The 
vibration  of  a  fiddle  firing  doth  not  depend  upon  the  time  in  which  the  fiddle  fiick  paffes 
over  it. 
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jiot  be  fuppofed  greater  than  bo-cdh  of  an  inch,  which  fpace  a 

particle  of  light  defcribes  in  the  IZ5000000?>00‘0  Trs-th  of  a  fecond. 
With  fo  rapid  a  motion,  therefore,  may  the  internal  parts  of 
bodies  be  agitated  by  the  influence  of  light,  as  to  perform 
125,000,000,000,000,  vibrations,  or  more,  in  a  fecond  of  time. 

The  arrival  of  different  particles  of  light  at  the  furface  of  the 
fame  colorific  particle,  in  the  fame,  or  different  rays,  may  dif- 
turb  the  regularity  of  its  vibrations,  but  will  evidently  increafe 
their  frequency,  or  raife  flill  fmaller  vibrations  among  the  parts, 
which  compofe  thofe  particles  ;  by  which  means  the  intefline 
motion  will  become  more  fubtle,  and  more  throughly  diffufed. 
If  the  quantity  of  light  admitted  into  the  body  be  increafed,  the 
vibrations  of  the  particles  muft,  likewife,  increafe  in  magnitude 
and  velocity,  till  at  laft,  they  may  be  fo  violent,  as  to  make  all 
the  component  particles  dafh  one  another  to  pieces  by  their  mu¬ 
tual  colliflon  ;  in  which  cafe,  the  colour  and  texture  of  the  body 
mufb  be  deflxoyed.* 

Since  there  is  no  reflexion  of  light  but  at  the  furface  of  a  me¬ 
dium,  the  fame  perfon  obferves  that  the  greateft  quantity  of  rays, 
though  crouded  into  the  fmalleft  fpace,  will  not,  of  themfelves, 
produce  any  heat.  From  hence  it  follows,  that  the  portion  of 
air  which  lies  in  the  focus  of  the  molt  potent  fpeculum,  is  not 
at  all  affected  by  the  paffage  of  light  through  it,  but  continues  of 
the  fame  temperature  with  the  ambient  air,  though  any  opaque 
body,  or  even  any  tranfparent  body,  denfer  than  air,  when  put 
in  the  fame  place,  would  be  intenfely  heated  in  an  inflant. 

This  confequence,  evidently  flowing  from  the  plainefl  and 
moft  certain  principles,  not  feeming  to  have  been  rightly  un- 

*  Edinb,  Eflays,  Vol.  2,  p.  20. 
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derftood  by  many  philofophers,  and  even  the  fllence  of  moil 
phyfical  writers  concerning  this  paradoxical  truth  making  it  pro¬ 
bable  that  they  were  unacquainted  with  it,  he  thought  it  worth 
his  while  to  fay  fomething  in  explication  of  it.  He  obferves 
that  the  eafleft  way  to  be  fatisfied  of  the  matter  experimentally 
is  to  hold  a  hair,  or  a  piece  of  down,  immediately  above  the  focus 
of  a  lens  or  fpeculum,  or  to  blow  a  ftream  of  fmoke  from  a  pipe 
horizontally  over  it  ;  for  if  the  air  in  the  focus  were  hotter  than 
the  furrounding  fluid,  it  would  continually  afcend  upon  account  of 
its  rarefadtion,  and  thereby  fenflbly  agitate  thofe  flender  bodies. 
Or  a  lens  may  be  fo  placed  as  to  form  its  focus  within  a  body  of 
water ;  or  fome  other  tranfparent  fubftance,  the  heat  of  which 
may  be  examined  from  time  to  time  with  a  thermometer  ;  but 
care  muft  be  taken,  in  this  experiment,  to  hold  the  lens  as  near 
as  poflible  to  the  tranfparent  body,  left  the  rays,  by  falling  clofer 
than  ordinary  on  its  furface,  fhould  warm  it  more  than  the  com¬ 
mon  fun  beams.* 

To  apply  thefe  obfervations  to  the  explication  of  natural  phe* 
nomena,  he  obferves  that,  the  atmofphere  is  not  much  warmed 
by  the  paflage  of  the  fun’s  light  through  it,  but  chiefly  by  its 
contadt  with  the  heated  furface  of  the  globe.  This  he  thought 
furniftied  one  very  Ample  and  plaufible  reafon,  why  it  is  coldeft 
in  all  climates  on  the  tops  of  very  high  mountains,  namely  be- 
caufe  they  are  removed  to  the  greateft  diftance  from  the  general 
furface  of  the  earth.  For  it  is  well  known  that  a  fluid  heated 
by  its  contadt  with  a  folid  body  decreafes  in  heat,  in  fome  in- 
verfe  proportion  to  the  diftance  from  the  body.  He  himfelf 
found,  by  repeated  trials,  that  the  heat  of  water  in  deep  lakes 


*  Ebinb.  Eflays,  p.  23- 
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decreafes  regularly  from  the  furface  downwards.  But  to  have 
this  queftion  fully  determined,  the  temperature  of  the  air  in  the 
valley  and  on  the  mountain  top  mull  be  obferved  every  hour, 
both  night  and  day,  and  carefully  compared  together.  * 

From  this  dodlrine  he  thinks  it  reafonable  to  fuppofe  that  the 
heat  produced  by  a  given  number  of  rays,  in  an  opaque  body,  of 
a  given  magnitude,  mull  be  greater  when  the  rays  are  more  in¬ 
clined  to  one  another,  than  when  they  are  lefs  fo  ;  for  the  direc¬ 
tion  of  the  vibrations,  raifed  by  the  adtion  of  the  light,  whether 
in  the  colorific  particles,  or  thofe  of  an  inferior  order,  will  more 
interfere  with  one  another,  from  whence  the  intefline  fhocks  and 
collifions  mult  increafe.  Befides  this,  the  colorific  particles  of 
opaque  bodies  being  difpofed  in  various  fituations,  perhaps  upon 
the  whole,  the  rays  will  fall  more  diredtly  on  each,  the  more 
they  are  inclined  to  one  another.  Is  not  this,  fays  he,  the  rea- 
fon  of  what  has  been  remarked  by  philofophers,  that  the  heat  of 
the  fun’s  light,  collected  into  a  cone,  increafes  in  approaching 
the  focus,  in  a  much  higher  proportion  than  according  to  its  den- 
fity  ?  That  the  difference  of  the  angle  in  which  the  rays  fall  on 
any  particle  of  a  given  magnitude,  placed  at  different  diftances 
from  the  focus,  is  but  fmall,  is  no  proof  that  the  phenomenon 
cannot  be  afcribed  to  it  fince  we  know  not  in  what  high  pro¬ 
portion  one,  or  both  the  circumftances  now  mentioned  may  o- 
perate.  However,  that  it  proceeds  not  from  any  unknown  a&ion 
of  the  rays  upon  one  another,  as  has  been  infinuated,  is  evident 
•'from  this,  that  each  particular  ray,  after  pafling  through  the 
focus,  preferves  its  own  colour,  and  its  own  direction,  in  the 
fame  manner  as  if  it  were  alone. *f* 

®  Edinb,  Eflays,  p.  63 .  f  lb.  p.  60. 
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The  attempts  of  the  Abbe  Nollet  to  fire  inflammable  fub- 
fiances  by  the  power  of  the  folar  rays  colle&ed  in  the  foci  of 
burning  mirrors  has  fo  near  a  relation  to  the  fubjedt  of  this 
chapter,  that  I  have  thought  proper  to  give  them  a  place  in  it. 
Confidering  the  great  power  of  burning  mirrors  and  lenfes,  e- 
fpecially  thofe  of  late  conftrudtion,  it  will  appear  furprifing  that 
this  celebrated  experimental  philofopher  fhould  not  be  able  to 
fire  any  liquid  fubftance.  But  though  he  made  the  trial  with  all 
the  care  imaginable,  on  the  nineteenth  of  February,  1757,  he  was 
not  able  to  do  it,  either  with  fpirit  of  wine,  olive  oil,  oil  of  tur¬ 
pentine,  or  aether ;  and  though  he  could  fire  fulphur,  yet  he 
could  not  fucceed  with  fpanilh  wax,  rofin,  black  pitch,  or  fuet. 
He  both  threw  the  focus  of  thefe  mirrors  upon  the  fubftances 
themfelves,  and  alfo  upon  the  fumes  that  rofe  from  them  ;  but 
all  the  effedl  was  that  the  liquor  boiled,  and  was  difperfed  in  va¬ 
pour  or  very  fmall  drops,  but  would  not  take  fire.  When  linen 
rags,  and  other  folid  fubftances,  were  moiftened  with  any  of  thefe 
inflammable  liquids,  they  would  not  take  lire  till  the  liquid  was 
difperfed  in  a  copious  fume,  fo  that  rags  thus  prepared  were 
longer  in  burning  than  thofe  that  were  dry. 

M.  Beaume,  who  afiifted  M.  Nollet  in  fome  of  thefe  experi¬ 
ments  obferved  farther,  that  the  fame  fubftances,  which  were 
eafily  fired  by  the  flame  of  burning  bodies,  could  not  be  fet  on 
fire  by  the  contadt  of  the  hotteft  bodies  that  did  not  actually  flame. 
Neither  aether,  nor  fpirit  of  wine  could  be  fired  with  a  hot  coal, 
or  even  red  hot  iron,  unlefs  they  were  of  a  white  heat.  From 
thefe  experiments  our  author  concludes  that,  fuppofing  the  elec¬ 
tric  matter  to  be  the  fame  thing  with  fire  or  light,  it  muft  fire 
fpirit  of  wine  by  means  of  fome  other  principle.  I  have  al¬ 
ready' 
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ready  obferved  that  the  members  of  the  Academy  Del  Cimento 
could  not  fire  feveral  of  thefe  fubftances  ;  but  this  was  fo  early 
in  the  hiftory  of  philofophy,  that  no  body  feems  to  have  con¬ 
cluded,  that,  becaufe  they  failed  in  this  attempt,  the  thing  could 
not  be  done.  However  the  Abbe  informs  us,  that  he  read  an 
account  of  his  experiments  to  the  Royal  Academy  at  Paris  feve¬ 
ral  years  before  he  attended  to  what  had  been  done  by  the 
Italian  philofophers.* 

§  2.  By  the  help  of  optical  principles,  and  efpecially  obferva- 
tions  on  the  reflexion  of  light,  Mr.  Melville  difcovered  that  bo¬ 
dies  which  feem  to  touch  one  another  are  not  always  in  adtual 
contact..  It  is  common,  fays  he,  to  admire  the  volubility  and 
luflre  of  drops  of  rain  that  lie  on  the  leaves  of  cole  wort,  and 
fome  other  vegetables ;  but  no  philofopher;  as  far  as  he  knew, 
had  put  himfelf  to  the  trouble  of  explaining  this  curious  pheno¬ 
menon.  Upon  infpedting  them  narrowly,  he  found  that  the 
Jufire  of  the  drop  is  produced  by  a  copious  reflexion  of  light  from 
the  flattened  part  of  its  furface,  contiguous  to  the  plant.  He  ob¬ 
ferved,  farther,  that  when  the  drop  rolls  along  a  part  which  has 
been  wetted,  it  immediately  lofes  all  its  luAre,  the  green  plant 
being  then  feen  clearly  through  it ;  whereas,  in  the  other  cafe, 
it  is  hardly  to  be  difcerned. 

From  thefe  two  obfervations  put  together,  he  concluded  that 
the  drop  does  not  really  touch  the  plant,  when  it  has  the  mer¬ 
curial  appearance,  but  is  fufpended  in  the  air,  at  fome  diAance 
from  it,  by  the  force  of  a  repulfive  power.  For  there  could 
not  be  any  copious  reflexion  of  white  light  from  its  under  fur- 
face,  unlefs  there  were  a  real  interval  between  it  and  the  furface 
of  the  plant. 


*  Ac.  Par.  1757,  M.  P-  89^* 
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If  that  furface  were  perfectly  fmooth,  the  under  furface  of  the 
drop  would  be  fo  likewife,  and  would  therefore  fhew  an  image 
of  the  illuminating  body  by  reflexion,  like  a  piece  of  polifhed 
filver ;  but  as  it  is  confiderably  rough  and  unequal,  the  under 
furface  becomes  rough  likewife,  and  fo  by  reflecting  the  light 
copioufly,  in  different  directions,  aflumes  the  refplendent  white 
colour  of  unpolifhed  filver. 

It  being  thus  proved,  by  an  optical  argument,  that  the  drop 
is  not  really  in  contaCt  with  the  plant  which  fupports  it,  it  may 
eafily  be  conceived  whence  its  volubility  arifes,  and  why  it  leaves 
no  moiflure  where  it  rolls.* 

§  3.  Before  I  conclude  the  obfervations  which  I  have  collected- 
concerning  the  reflexion  of  light,  I  muft  not  omit  to  take  no¬ 
tice  that  Baron  Alexander  Funk,  vifiting  fome  filver  mines  in 
Sweden,  obferved  that,  in  a  clear  day,  it  was  as  dark  as  pitch 
under  ground  in  the  eye  of  a  pit,  at  fixty  or  feventy  fathoms 
deep  j  whereas  in  a  cloudy  or  rainy  day,  he  could  even  fee  to 
read  at  106  feet  deep.  Inquiring  of  the  miners,  he  was  inform¬ 
ed  that  this  is  always  the  cafe ;  and,  reflecting  upon  it,  he  ima¬ 
gined  that  it  arofe  from  this  circumftance,  that  when  the  atmof- 
phere  is  full  of  clouds,  light  is  reflected  from  them  into  the  pit 
in  all  directions,  and  that  thereby  a  conflderable  proportion  of  the 
rays  are  reflected  perpendicularly  upon  the  earth  ;  whereas,  when 
the  atmofphere  is  clear,  there  are  no  opaque  bodies  to  reflect  the 
light  in  this  manner,  at  leaft  in  a  fufflcient  quantity  ;  and  rays 
from  the  fun  itfelf  can  never  fall  perpendicularly  in  that  country. “f- 

*  Edinb,  Eflays,  Vol.  2,  p.  25.  +  Swed.  Abhandlungen,  Vol.  3,  p.  236., 
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SECTION  IV, 


Observations  and  discoveries  relating  to  the 
REFRACTION  of  light. 


CHAPTER  I. 


. JftPf 

Of  the  different  DISPERSION  of  the  rays  of 

LIGHT,  AS  INDEPENDENT  OF  THEIR  DIFFERENT  REFRAN- 
GIBILITY. 


TH  E  moft  important  difcovery  that  I  have  to  communi¬ 
cate  to  my  reader  relating  to  refraction  is  that  of  Mr. 
Dollond,  which  led  the  way  to  his  capital  improvement  of  te- 
lefcopes.  Notwithftanding  the  great  difcovery  of  Sir  Ifaac  New¬ 
ton,  concerning  the  different  refrangibility  of  the  rays  of  light, 
he  had  no  idea  but  that  they  were  all  affeCted  in  the  fame  pro¬ 
portion  by  every  medium  ;  fo  that  the  refrangibility  of  the  ex¬ 
treme  rays  might  be  determined,  if  that  of  the  mean  ones  was 
given.  From  this  it  would  follow,  as  Mr.  Dollond  obferves, 
that  equal  and  contrary  refractions  mull  not  only  deftroy  each 
other,  but  that  the  divergency  of  the  colours  from  one  refrac¬ 
tion  would  likewife  be  corrected  by  the  other,  and  there  could 
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be  no  poflibility  of  producing  any  fuch  thing  as  refradtion  which 
would  not  be  afFedted  by  the  different  refrangibility  of  light  ; 
or,  in  other  words,  that,  however  a  ray  of  light  might  be  re- 
fradted  backwards  and  forwards  by  different  mediums,  as  water, 
glafs,  &c.  provided  it  was  fo  done,  that  the  emergent  ray  fhould 
be  parallel  to  the  incident  one,  it  would  ever  after  be  white ;  and 
confequently,  if  it  fhould  come  out  inclined  to  the  incident,  it 
would  diverge,  and  ever  after  be  coloured  ;  and  from  this  it  was 
natural  to  infer,  that  all  fpherical  objedt  glafles  of  telefcopes 
muff:  be  equally  afFedted  by  the  different  refrangibility  of  light, 
in  proportion  to  their  apertures,  of  whatever  materials  they  may 
be  formed.*  . 

For  this  reafon  Sir  Ifaac  Newton,  and  all  other  philofophers 
and  opticians,  had  defpaired  of  bringing  refradting  telefcopes 
to  any  great  degree  of  perfection,  without  making  them  of  an 
immoderate  and  very  inconvenient  length.  They  therefore  ap¬ 
plied  themfelves  chiefly  to  the  improvement  of  the  refledting  te- 
lefcope,  and  the  bufinefs  of  refradtion  was  dropped  till  about  the 
year  1747?  when  M.  Euler,  improving  upon  a  hint  of  Sir  Ifaac 
Newton’s,  formed  a  fcheme  of  making  objedt  glafles  of  two  mate¬ 
rials,  of  different  refradtive  powers  ;  hoping  that  by  this  diffe¬ 
rence  the  refradtions  would  balance  one  another,  and  thereby 
prevent  the  difperfion  of  the  rays  that  is  occafioned  by  the  diffe¬ 
rence  of  refrangibility.  Thefe  objedt  glafles  were  compofed  of  two 
lenfes  of  glafs  with  water  between  them.  This  memoir  of  M. 
Euler  excited  the  attention  of  Mr.  Dollond.  He  carefully  went 
over  all  M.  Euler’s  calculations,  fubftituting  for  his  hypothetical 
laws  of  refradtion  thofe  which  had  been  adtually  afcertained  by 


*  Phil.  Tranf.  Vol.  50,  p.  735. 
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the  experiments  of  Newton,  and  found  that,  after  this  neceffary 
fubftitulion,  it  followed  from  M.  Euler’s  own  principles,  that 
there  could  be  no  union  of  the  foci  of  all  kinds  of  colours,  but 
in  a  lens  infinitely  large. 

M.  Euler  did  not  pretend  to  controvert  the  experiments  of 
Newton  ;  but  he  faid  that  they  were  not  contrary  to  his  hypo¬ 
thecs,  but  in  fo  fmall  a  degree  as  might  be  neglected,  and  af- 
ferted  that,  if  they  wTere  admitted  in  all  their  extent,  it  would 
be  impoffible  to  correct  the  difference  of  refrangibility  occafion- 
ed  by  the  tranfmiffion  of  the  rays  from  one  medium  into  ano¬ 
ther  of  different  denlity ;  a  correction  which,  he  thought,  was 
very  poffible,  lince  he  luppofed  it  to  be  actually  effected  in  the 
itruCture  of  the  eye,  which  he  thought  was  made  to  confifl  of 
different  mediums  for  that  very  purpofe.  To  this  kind  of  rea- 
foning  Mr.  Dollond  made  no  reply  ;  but  by  appealing  to  the  ex¬ 
periments  of  Newton,  and  the  great  circumfpeCtion  with  which 
it  was  known  that  he  conducted  all  his  inquiries. 

In  this  ftate  of  the  controverfy,  the  friends  of  M.  Clairaut 
ingaged  him  to  attend  to  it,  and  it  appeared  to  him  that,  fince 
the  experiments  of  Newton  cited  by  Mr.  Dollond  could  not  be 
queftioned,  the  fpeculations  of  M.  Euler  were  more  ingenious 
than  ufeful.* 

The  fame  paper  of  M.  Euler  was  alfo  particularly  noticed  by 
M.  Klingenftierna  of  Sweden,  who  gave  a  confiderable  degree 
of  attention  to  the  fubjeCt,  and  difcovered  that,  from  Newton’s 
own  principles,  the  refult  of  the  8th  experiment  of  the  fecond 
book  of  his  Opticks  could  not  anfwer  his  defcription  of  it.  As 
this  experiment  began  from  this  time  to  be  the  fubjedt  of  a  good 


*  Ac.  Par.  1756,  H.  p.  183. 
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deal  of  debate,  I  fhall  recite  it  at  full  length,  with  the  deduc¬ 
tions  which  the  author  drew  from  it. 

He  found,  he  fays,  that  when  light  goes  out  of  air  through 
feveral  contiguous  refracting  mediums,  as  through  water  and 
glafs,  and  thence  goes  out  again  into  air,  whether  the  refracting 
furfaces  be  parallel  or  inclined  to  one  another,  that  light,  as  of¬ 
ten  as,  by  contrary  refractions,  it  is  fo  corrected,  that  it  emerges 
in  lines  parallel  to  thofe  in  which  it  was  incident,  continues  ever 
after  to  be  white  ;  but  if  the  emergent  rays  be  inclined  to  the  in¬ 
cident,  the  whitenefs  of  the  emerging  light  will,  by  degrees,  in 
pafling  on  from  the  place  of  emergence,  become  tinged  at  its 
edges  with  colours.  This  he  tried  by  refraCting  light  with 
prifms  of  glafs,  placed  within  a  prifmatic  veffel  of  water. 

By  theorems  deduced  from  this  experiment  he  infers  that  the 
refractions  of  the  rays  of  every  fort,  made  out  of  any  medium 
into  air,  are  known  by  having  the  refraction  of  the  rays  of  any 
one  fort ;  and  alfo  that  the  refraction  out  of  one  medium  into 
another  is  found  as  often  as  we  have  the  refraCtions  out  of  them 
both  into  any  third  medium.*  ; 

On  the  contrary,  the  Swedilh  philofopher  obferves,  that,  in 
this  experiment,  the  rays  of  light,  after  paffing  through  the  wa¬ 
ter  and  the  glafs,  though  they  come  out  parallel  to  the  incident 
rays,  will  be  coloured ;  but  that  the  fmallerthe  glafs  prifm  is,  the 
nearer  will  the  refult  of  it  approach  to  Newton’s  delcription.'f' 
This  paper  of  M.  Klingenftierna,  being  communicated  to  Mr. 
Dollond  by  M.  Mallet,  made  him  entertain  doubts  concerning 
Newton’s  report  of  the  refult  of  his  experiment,  and  determin¬ 
ed  him,  like  a  true  philofopher,  who  refpeCts  truth  and  faCt  more 
than  authorities,  to  have  recourfe  to  experiment^ 

*  Newton’s Opticks,p.  112.  f  Swed.  Abhand.  Vol.  16, p.300.  §Ac.Par.  1757, M.  S54. 
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He  therefore  cemented  together  two  plates  of  parallel  glafs  at 
their  edges,  fo  as  to  form  a  prifmatic  vefiel,  when  flopped  at  the 
ends  or  bales ;  and  the  edge  being  turned  downwards,  he  placed 
in  it  a  glafs  prifm,  with  one  of  its  edges  upwards;  and  filled  up 
the  vacancy  with  clear  water ;  fo  that  the  refraction  of  the  prifm 
was  contrived  to  be  contrary  to  that  of  the  water,  in  order  that 
a  ray  of  light,  tranfmitted  through  both  thefe  refracting  medi¬ 
ums,  might  be  effected  by  the  difference  only  between  the  two 
refradions.  As  he  found  the  water  to  refraCt  more  or  lefs  than 
the  glafs  prifm,  he  diminifhed  or  increafed  the  angle  between  the 
glafs  plates,  till  he  found  the  two  contrary  refractions  to  be  equal, 
which  he  difcovered  by  viewing  an  objeCt  through  this  double 
prifm.  For  when  it  appeared  neither  raifed  nor  depreifed,  he 
was  fatisfied  that  the  refractions  were  equal,  and  that  the  emer¬ 
gent  rays  were  parallel  to  the  incident. 

Nov/,  according  to  the  prevailing  opinion,  he  obferves  that 
the  objeCt  fhould  have  appeared  through  this  double  prifm  in  its 
natural  colour ;  for  if  the  difference  of  refrangibility  had  been, 
in  all  refpeCts,  equal,  in  the  two  equal  refractions,  they  would 
have  rectified  each  other.  But  this  experiment  fully  proved  the 
fallacy  of  the  received  opinion,  by  fhewing  the  divergency  of  the 
light,  by  the  glafs  prifm  to  be  almoft  double  of  that  by  the  wa¬ 
ter  ;  for  the  image  of  the  objeCt,  though  not  at  all  refraCted,  was 
yet  as  much  infeCted  with  prifmatic  colours,  as  if  it  had  been  feen 
through  a  glafs  wedge  only,  whofe  refraCting  angle  was  near 
thirty  degrees. 

This  experiment  is  the  very  fame  with  that  of  Sir  Ifaac  New¬ 
ton’s  above  mentioned,  notwithftanding  therefult  was  fo  remark¬ 
ably  different:  but  Mr,  Dollond  affures  us,  that  he  ufed  all  pof- 
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lible  precaution  and  care  in  his  procefs,  and  he  kept  his  appa¬ 
ratus  by  him,  that  he  might  evince  the  truth  of  what  he  wrote, 
whenever  he  fhould  be  properly  required  to  do  it. 

He  plainly  faw,  however,  that  if  the  refracting  angle  of  the 
water  veffel  could  have  admitted  of  a  fufiicient  increafe,  the  di¬ 
vergency  of  the  coloured  rays  would  have  been  greatly  diminifh- 
ed,  or  entirely  rectified,  and  that  there  would  have  been  a  very 
great  refraCtion  without  colour,  as  he  had  already  produced  a 
great  difcolouring  without  refraction  •,  but  the  inconveniency  of 
fo  large  an  angle,  as  that  of  the  prifmatic  veffel  mufl  have  been, 
to  bring  the  light  to  an  equal  divergency  with  that  of  the  glafs 
prifin  whofe  angle  was  about  fixty  degrees,  made  it  neceffary  to 
try  fome  experiments  of  the  fame  kind  with  finaller  angles. 

Accordingly,  he  got  a  wedge  of  plate  glafs,  the  angle  of  which 
was  only  nine  degrees,  and  ufing  it  in  the  fame  circumftances, 
he  increafed  the  angle  of  the  water  wedge,  in  which  it  was 
placed,  till  the  divergency  of  the  light  by  the  water  was  equal 
to  that  by  the  glafs,  that  is,  till  the  image  of  the  objeCt,  though 
confiderably  refraCted  by  the  excefs  of  the  refraCtion  of  the  water, 
appeared  neverthelefs  quite  free  from  any  colours  proceeding 
from  the  different  refrangibility  of  the  light ;  and,  as  near  as  he 
could  then  meafure,  the  refraCtion  by  the  water  was  about  of 
that  by  the  glafs.  He  acknowledges,  indeed,  that  he  was  not 
very  exaCt  in  taking  the  meafures,  becaufe  his  bufinefs  was  not 
at  that  time  to  determine  the  exaCt  proportions,  fo  much  as  to 
{hew  that  the  divergency  of  the  colours,  by  different  fubftances, 
was  by  no  means  in  proportion  to  the  refractions,  and  that  there 
was  a  poflibility  of  refraCtion  without  any  divergency  of  the 
light  at  all. 
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As  thefe  experiments  clearly  proved  that  different  fubftances 
made  the  light  to  diverge  very  differently,  in  proportion  to  their 
general  refractive  power,  Mr.  Dollond  began  to  fufpeCt  that  fuch 
variety  might  pofiibly  be  found  in  different  kinds  of  glafs,  efpe- 
cially  as  experience  had  already  fliewn  that  fome  of  the  kinds 
made  much  better  objeCt  glaffes  in  the  ufual  way  than  others  ; 
and  as  no  fatisfa&ory  caufe  had  been  affigned  for  fuch  difference, 
he  thought  there  was  great  reafon  to  prefume,  that  it  might  be 
owing  to  the  different  divergency  of  the  light  in  the  fame 
refractions. 

His  next  bufinefs,  therefore,  was  to  grind  wedges  of  different 
kinds  of  glafs,  and  apply  them  together ;  fo  that  the  refractions 
might  be  made  in  contrary  directions,  in  order  to  difcover,  as  in 
the  above  mentioned  experiments,  whether  the  refraCtion  and 
the  divergency  of  the  colours  would  vanifh  together.  But  a 
confiderable  time  elapfed  before  he  could  fet  about  that  work ; 
for  though  he  was  determined  to  try  it  at  his  leifure,  for  fatisfy- 
ing  his  own  curiofity,  he  did  not  expeCt  to  meet  with  a  diffe¬ 
rence  fufficient  to  give  room  for  any  great  improvement  of  te- 
lefcopes,  fo  that  it  was  not  till  the  latter  end  of  the  year  1 757, 
that  he  undertook  it ;  but  his  firff  trials  convinced  him  that  the 
bufinefs  deferved  his  utmoft  attention  and  application. 

He  difcovered  a  difference  far  beyond  his  hopes  in  the  refrac¬ 
tive  qualities  of  different  kinds  of  glafs,  with  refpeCt  to  the  diver¬ 
gency  of  colours.  The  yellow,  or  ftraw  coloured  foreign  fort, 
commonly  called  Venice  glafs,  and  the  Englilh  crown  glafs, 
proved  to  be  very  nearly  alike  in  that  refpeCt,  though,  in  general, 
the  crown  glafs  feemed  to  make  the  light  diverge  the  lefs  of  the 
two.  The  common  Englilh  plate  glafs  made  the  light  diverge 
more,  and  the  white  cryftal,  or  Englifh  flint  glafs,  moll  of  all. 
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It  was  now  his  bufinefs  to  examine  the  particular  qualities  of 
every  kind  of  glafs,  that  he  could  come  at,  not  to  amufe  himfelf 
with  conjectures  about  the  caufe  of  this  difference,  but  to  fix 
upon  two  forts,  in  which  it  fhould  be  the  greateft ;  and  he  foon 
found  thefe  to  be  the  crown  glafs ,  and  the  white  flint  glafs.  He 
therefore  ground  one  wedge  of  white  flint,  of  about  twenty-five 
degrees,  and  another  of  crown  glafs,  of  about  twenty-nine  de¬ 
grees,  which  refraCted  very  nearly  alike,  but  their  power  of  mak¬ 
ing  the  colours  diverge  was  very  different.  He  then  ground  fe- 
veral  others  of  crown  glafs,  to  different  angles,  till  he  got  one 
which  was  equal  with  refpeCt  to  the  divergency  of  the  light,  to 
that  in  the  white  flint  glafs.  For  when  they  were  put  together, 
fo  as  to  refraCt  in  contrary  directions,  the  refraCted  light  was  in- 
tirely  free  from  colours.  Then  meafuring  the  refraction  of  each 
wedge,  with  thefe  different  angles,  he  found  that  of  the  white  glafs 
to  be  to  that  of  the  crown  glafs,  nearly  as  two  to  three ,  and  this 
proportion  held  very  nearly  in  all  fmall  angles  ;  fo  that  any  two 
wedges,  made  in  this  proportion,  and  applied  together,  fo  as  to 
refraCt  in  a  contrary  direction,  would  refraCt  the  light  without 
any  difperfion  of  the  rays. 

That  the  general  refraCtive  power  of  thefe  two  kinds  of  glafs 
may  be  more  exactly  compared  with  their  power  of  feparating 
the  rays  of  light,  I  fhall  here  obferve,  that  Mr.  Dollond,  in  a 
letter  to  M.  Klingenftierna,  quoted  by  M.  Clairaut,*  fays,  that 
the  fine  of  incidence  in  crown  glafs  is  to  that  of  its  general  re¬ 
fraction  as  1  to  1.  53,  and  in  flint  glafs  as  1  to  1.  583. 

To  apply  this  knowledge  to  practice,  Mr.  Dollond  went  to 
work  upon  the  objeCt  glaffes  of  telefcopes,  not  doubting  but  that, 

*  Ac.  Par.  1757,  M.  p.  857. 
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upon  the  fame  principles  on  which  a  refracted  colourlefs  ray  was 
produced  by  prifms,  it  might  be  done  by  lenfes  alfo,  made  of 
fimilar  materials.  And  he  fucceeded  by  confidering  that,  in  or¬ 
der  to  make  two  fpherical  glades  that  fhould  refraCt  the  light  in 
contrary  directions,  the  one  mud  be  concave  and  the  other  con¬ 
vex  5  and  as  the  rays  are  to  converge  to  a  real  focus,  the  excels  of 
refraCtion  mud;  evidently  be  in  the  convex  lens.  Alfo,  as  the 
convex  glafs  is  to  refraCt  the  mod:,  it  appeared  from  his  experi¬ 
ments,  that  it  mud;  be  made  of  crown  glafs,  and  the  concave  of 
white  dint  glafs.  Farther,  as  the  refractions  of  fpherical  glaf- 
fes  are  in  an  inverfe  ratio  of  their  focal  didances,  it  follows  that 
the  focal  didances  of  the  two  glades  fhould  be  inverfely  as  the  ra- 
tios  of  the  refractions  of  the  wedges  ;  for  being  thus  proportion¬ 
ed,  every  ray  of  light  that  pades  through  this  combined  glafs, 
at  whatever  didance  it  may  pafs  from  its  axis,  will  condantly  be 
refraCted,  by  the  difference  between  two  contrary  refractions,  in 
the  proportion  required ;  and  therefore  the  different  refrangibi- 
lity  of  the  light  will  be  intirely  removed. 

Notwithdanding  our  author  had  thefe  clear  grounds  in  theory 
and  experiment  to  go  upon,  he  found  that  he  had  many  difficul¬ 
ties  to  druggie  with,  when  he  came  to  reduce  them  into  aCtual 
practice ;  but  with  great  patience  and  addrefs,  he,  at  length,  got 
into  a  ready  method  of  making  telefcopes  upon  thefe  new 
principles. 

His  principal  difficulties  arofe  from  the  following  circum- 
dances.  In  the  fird  place  the  focal  didances,  as  well  as  the  par¬ 
ticular  furfaces,  mud  be  very  nicely  proportioned  to  the  denfities, 
or  refracting  powers  of  the  glades,  which  are  very  apt  to  vary  in 
the  fame  fort  of  glafs,  made  at  different  times.  Secondly,  The 
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centers  of  the  two  glafles  muft  be  placed  truly  in  the  common 
axis  of  the  telefcope,  otherwife  the  defired  effeCt  will  be  in  a  great 
meafure  deftroyed.  Add  to  thefe,  that  there  are  four  furfaces  to 
be  wrought  perfectly  fpherical ;  and  any  perfon,  he  fays,  but 
moderately  praCtifed  in  optical  operations,  will  allow,  that  there 
muft  be  the  greateft  accuracy  throughout  the  whole  work.  At 
length,  however,  after  numerous  trials,  and  a  refolute  perfeve- 
rance,  he  was  able  to  conftruCt  refracting  telefcopes,  with  fuch 
apertures  and  magnifying  powers,  under  limited  lengths,  as,  in 
the  opinion  of  the  belt  judges,  far  exceeded  any  thing  that  had 
been  produced  before,  reprefenting  objects  with  great  diftinCt- 
nefs,  and  in  their  true  colours.* 

It  was  objected  to  Mr.  Dollond’s  difcovery,  that  the  fmall  dif- 
perlion  of  the  rays  in  crown  glafs  is  only  apparent,  owing  to  the 
opacity  of  that  kind  of  glafs,  which  does  not  tranfmit  the  fainter 
coloured  rays  in  a  fufficient  quantity  ;  but  this  objection  is  par¬ 
ticularly  conlidered,  and  anfwered  by  M.  Beguelin.§ 

As  Mr.  Dollond  did  not  explain  the  methods  v/hich  he  took 
in  the  choice  of  different  fpheres,  proper  to  deftroy  the  effeCt  of 
the  different  refrangibility  of  the  rays  of  light,  and  gave  no  hint 
that  he  himfelf  had  any  rule  to  direCt  himfelf  in  it ;  and  as  the 
calculation  of  the  difperlion  of  the  rays,  in  fo  complicated  an 
affair,  is  very  delicate,  M.  Clairaut,  who  had  given  a  good  deal 
of  attention  to  this  fubjeCt,  from  the  beginning  of  the  contro- 
verfy,  endeavoured  to  make  out  a  compleat  theory  of  it. 

Without  fome  affiftance  of  this  kind,  it  is  impoflible,  fays 
this  author,  to  conftruCt  telefcopes  of  equal  goodnefs  with  thofe 
of  Mr.  Dollond,  except  by  a  fervile  imitation  of  his ;  which, 

.  t  •  ......  * 

•  Phil.  Trairf.  Vol.  50,  p.  743.  §  Ac.  Berl.  1762,  p.  74,  &c. 
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however,  on  many  accounts,  would  be  very  unlikely  to  anfwer. 
Befides,  Mr.  Dollond  only  gave  his  proportions  in  general,  and 
pretty  near  the  truth ;  whereas  the  greatefl  pofiible  precifion  is 
nefeffary.  Alfo  the  bed:  of  Mr.  Dollond’s  telefcopes  fell  far 
fhort  of  the  Newtonian  ones  ;*  whereas  it  might  be  expected 
that  they  fhould  exceed  them,  if  the  foci  of  all  the  coloured 
rays  could  be  as  perfectly  united  after  refraction  through  glafs, 
as  after  reflexion  from  a  mirror  ;  flnce  there  is  more  light  loft  in 
the  latter  cafe  than  in  the  former. 

With  a  view,  therefore,  to  aflifl:  the  artift,  he  endeavoured  to 
afcertain  the  refractive  power  of  different  kinds  of  glafs,  and  alfo 
their  property  of  feparating  the  rays  of  light,  by  the  following  exaCt 
methods.  He  made  ufe  of  two  prifms placed  clofe  to  one  another, 
as  Mr.  Dollond  had  done,  but,  inftead  of  looking  through  them, 
he  placed  them  in  a  darkened  room  ;  and  when  the  image  of  the 
fun,  tranfmitted  through  them,  was  perfectly  white,  he  con¬ 
cluded  that  the  different  refrangibility  of  the  rays  was  corrected. 

In  order  to  afcertain  with  more  eafe  the  true  angles  that  prifms 
ought  to  have,  to  deftroy  the  effeCt  of  the  difference  of  refran¬ 
gibility,  he  conftruCted  one  which  had  one  of  its  furfaces  cylin¬ 
drical,  with  feveral  degrees  of  amplitude.  By  this  means,  with¬ 
out  changing  his  prifms,  he  had  the  choice  of  an  infinity  of  an¬ 
gles  ;  among  which,  by  examining  the  point  of  the  curve  fur- 
face  which,  receiving  the  folar  ray,  gave  a  white  image,  he 
could  eafily  find  the  true  one. 

He  alfo  afcertained  the  proportion  in  which  different  kinds  of 
glafs  feparated  the  rays  of  light,  by  meafuring,  with  proper  pre¬ 
cautions,  the  oblong  image  of  the  fun,  made  by  tranfmitting  a 

*  It  is  poffible  that  this  affertion  of  M.  Clairaut  might  be..true  at  the  time  that  it 
was  made,  but  it  is  by  no  means  fo  at  prefent. 
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beam  of  light  through  them.  In  making  thefe  experiments,  he 
hit  upon  an  eafy  method  of  convincing  any  perfon  of  the  greater 
refractive  power  of  Englifh  flint  glafs,  above  the  common  French 
glafs,  both  with  refpeCt  to  the  mean  refraction,  and  the  diffe¬ 
rent  refrangibility  of  the  colours ;  for  having  taken  two  prifms, 
of  thefe  two  kinds  of  glafs,  but  equal  in  all  other  refpeCts,  and 
placed  them  fo  that  they  received,  at  the  fame  time,  two  rays  of 
the  fun,  with  the  fame  degree  of  incidence,  he  faw  that,  of  the 
two  images,  that  which  was  produced  by  the  Englifh  flint  glafs 
was  a  little  higher  upon  the  wall  than  the  other,  and  longer  by 
more  than  one  half.* 

»  »  .4* 

M.  Clairaut  was  affiflted  in  thefe  experiments  by  M.  De 
Tournieres,  and  the  refults  agreed  with  Mr.  Dollond's  in  gene¬ 
ral  ;  but  whereas  Mr.  Dollond  had  made  the  difperfion  of  the 
rays  in  glafs  and  in  water  to  be  as  five  to  four  (acknowledging, 
however,  that  he  did  not  pretend  to  do  it  with  exaCtnefs)  thefe 
gentlemen,  who  took  more  pains,  and  ufed  more  precautions, 
found  it  to  be  as  three  to  two. -j-  For  the  theorems  and  prob¬ 
lems  deduced  by  M.  Clairaut  from  thefe  new  principles  of  op- 
ticks,  with  a  view  to  the  perfection  of  telefcopes,  I  mu  ft  refer 
my  reader  to  the  memoirs  themfelves  which  I  have  juft  quoted. 

The  labours  of  M.  Clairaut  were  fucceeded  by  thofe  of  M. 
D’Alembert,  which  feem  to  have  given  the  makers  of  thefe 
achromatic  telefcopes  all  the  aid  that  calculations  can  afford 
them.  This  excellent  mathematician  has  likewife  propofed  a 
variety  of  new  conftruCtions  of  thefe  telefcopes,  the  advantages 
and  difadvantages  of  which  he  diftin'Ctly  notes  ;  at  the  fame 
time  that  he  points  out  feveral  methods  of  correcting  the  errors 

*  Ac.  Par.  1756,  M.  p,  624.  f  lb.  1757,  M.  p.  859. 
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to  which  they  are  liable;  as  by  placing  the  objeCt  glaffes,  in  Tome 
cafes,  at  a  fmall  diftance  from  one  another,  and  fometimes  by 
tiling  eye  glaffes  of  different  refractive  powers  ;  which  is  an  ex¬ 
pedient  that  feems  not  to  have  occured  to  any  perfon  before  him. 
He  even  thews  that  telefcopes  may  be  made  to  advantage,  con- 
lilting  of  only  one  objeCt  glafs,  and  an  eye  glafs  of  a  different  re¬ 
fractive  power.  Some  of  his  constructions  have  two  or  more 
eye  glaffes  of  different  kinds  of  glafs.  This  fubjeCt  he  confider- 
ed  at  large  in  one  of  the  volumes  of  his  Opufcules  Mathematiques . 
We  have  alfo  three  memoirs  of  M.  D’  Alembert  upon  this  fub¬ 
jeCt,  among  thofe  of  the  French  Academy  one  in  the  year  1764, 
another  in  1765,  and  a  third  in  1767. 

At  the  conclufion  of  his  fecond  memoir  he  fays,  that  he  does 
not  doubt  but,  by  the  different  methods  he  propofes,  achroma¬ 
tic  telefcopes  may  be  made  to  far  greater  degrees  of  perfection 
than  any  that  have  been  feen  hitherto,  and  even  fuch  as  is  hard¬ 
ly  credible ;  and  though  the  crown  glafs,  by  its  greenifh  colour, 
may  abforb  fome  part  of  the  red  or  violet  rays,  which,  however, 
is  not  found  to  be  the  cafe  in  faCt ;  that  objection  cannot  be 
made  to  the  common  French  glafs,  which  is  white,  and  which, 
on  this  account,  he  thinks  muft  be  preferable  to  the  Englifh 
crown  glafs. 

He  alfo  obferves  that,  from  his  theorems,  a  great  number  of 
tables  might  be  calculated  which  would  be  very  ufeful  to  perfons 
who  apply  thernfelves  to  the  improvement  of  achromatic  telef¬ 
copes  ;  and  from  which  confiderable  advantage  would  refult  to 
the  fciences  of  opticks,  aftronomy,  and  navigation.* 


*  Ac.  Par.  1767,  M.  p.  107. 
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Notwithftanding  Meffrs.  Clairaut  and  D’Alembert  Teemed  to 
have  exhaufted  the  bufinefs  of  calculation  on  the  fubjfeCt  of  Mr. 
Dollond’s  telefcopes,  no  ufe  could  be  made  of  their  labours  by 
foreign  artifts.  For  ftill  the  telefcopes  made  in  England,  ac¬ 
cording  to  no  exaCt  rule,  as  foreigners  fuppofed,  were  greatly 
fuperior  to  any  that  could  be  made  elfe  where,  though  under 
the  immediate  direction  of  thofe  able  calculators.  For  this  M. 
Beguelin  afligned  feveral  reafons.  Among  others,  he  thought 
that  their  geometrical  theorems  were  too  general,  and  their  cal¬ 
culations  too  complicated  for  the  ufe  of  workmen.  He  alfo 
thought  that,  in  confequence  of  neglecting  fmall  quantities, 
which  thefe  calculators  profeffedly  did,  in  order  to  make  their 
algebraical  expreflions  more  commodious,  their  conclufions  were 
not  fufficiently  exaCt.  But  what  he  thought  to  be  of  the  mod: 
confequence  was  the  want  of  an  exaCt  method  of  meafuring  the 
refraCtive  and  difperfing  powers  of  the  different  kinds  of  glafs  3 
and  for  want  of  this,  the  greateft  precifion  in  calculation  was 
altogether  ufelefs.* 

Thefe  confiderations  induced  this  gentleman  to  take  another 
view  of  this  fubjeCt ;  but  ftill  he  could  not  reconcile  the  aCtual 
effeCt  of  Mr.  Dollond’s  telefcopes  with  his  own  conclufions  ;  fo 
that  he  imagined,  either  that  he  had  not  the  true  refraCtion  and 
difperfion  of  the  two  kinds  of  glafs  given  him,  or  elfe,  that  the 
aberration  which  ftill  remained,  after  his  calculations,  mu  ft  have 
been  deftroyed  by  fome  irregularity  in  the  furfaces  of  the  lenfes.-f- 
He  finds  feveral  errors  in  the  calculations  both  of  M.  D’Alem¬ 
bert  and  Clairaut, §  and  concludes  with  exprefling  his  deflgn  to 
purfue  this  fubjeCt  much  farther.  J 

*  Ac.  Berl.  1762,  p.  343.  f  lb.  p.  283.  §  lb.  p.  403,  409.  %  lb.  p.  416. 
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M.  Klingenftierna  alfo,  who  expreffes  great  fatisfadion  in  the 
difcovery  which  his  obfervations  on  Newton  had  led  Mr.  Dol- 
lond  to  make,  took  the  pains  to  make  calculations  for  the  ufe  of 
the  makers  of  thefe  telefcopes,  fimilar  to  thofe  of  M.  Clairaut, 
<Scc.  They  may  be  feen  in  the  Swedish  Memoirs,  Vol.  22,  p.  75. 

M.  Euler,  who  firft  gave  occafion  to  this  inquiry,  which  ter¬ 
minated  fo  happily  for  the  advancement  of  fcience,  being  perfuad- 
ed  both  by  his  reafoning  and  calculations,  that  Mr.  Dollond  had 
difcovered  no  new  principle  in  opticks,  and  yet  not  being  able 
to  controvert  Mr.  Short’s  teftimony  in  favour  of  the  goodnefs  of 
his  telefcopes,  concluded  that  this  extraordinary  effed  was  ow¬ 
ing,  in  part,  to  the  crown  glafs  not  tranfmitting  all  the  red  light, 
which,  would  otherwife  have  come  to  a  different  focus,  and  have 
diftorted  the  image  ;  but  principally  to  his  happening  to  hit  on 
a  juft  curvature  of  his  glafs,  which,  he  did  not  doubt,  would 
have  produced  the  fame  effed  if  his  lenfes  had  all  been  made  of 
the  fame  kind  of  glafs*  In  another  place  he  imagines  that  the 
goodnefs  of  Mr.  Dollond’s  telefcope  might  be  owing  to  the  eye 
glafs  .-f* 

Upon  the  whole,  the  manner  in  which  Mr.  Euler  writes  up¬ 
on  this  fubjed  is  one  of  the  fineft  examples  I  have  met  with,  of 
a  ftruggle  between  a  regard  to  a  theory  fuppofed  to  be  well  efta- 
bliftied,  and  to  the  teftimonies  of  unexceptionable  evidence,  to 
fadts  which  overthrow  it.  If  my  theory,  fays  he,  be  true,  § 
this  difagreeable  confequence  follows,  that  Mr.  Dollond’s  objed 
glaffes  cannot  be  exempt  from  the  dilperfion  of  colours  ;  yet  a 
regard  to  fo  relpedable  a  teftimony  embarreffes  me  extremely, 
it  being  as  difficult  to  queftion  fuch  exprefs  authority,  as  to  a- 

*  Ac.  Berl.  1762,  p.  245,  253.  f  lb.  p.  261.  §  lb.  p.  25. 
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bandon  a  theory  which  appears  to  me  perfe&ly  well  founded* 
and  to  embrace  an  opinion,  which  is  as  contrary  to  all  the  efta- 
blifhed  laws  of  nature,  as  it  is  ftrange  and  feemingly  abfurd 
( bizarre  et  revoltant.)  He  even  appeals  to  experiments  made  in 
a  darkened  room,  in  which,  he  fays,  he  is  confident,  that  Mr. 
Dollond’s  objed  glaffes  would  appear  to  have  the  fame  defeds 
that  others  are  fubjed  to.* 

Not  doubting,  however,  but  that  Mr.  Dollond,  either  by 
chance,  or  otherwife,  had  made  fome  confiderable  improvement 
in  the  conflrudion  of  telefcopes,  by  the  combination  of  glaffes, 
he  abandoned  his  former  projed,  in  which  he  had  recourfe  to 
different  mediums,  and  confined  his  attention  to  the  corredion 
of  the  errors  which  arife  from  the  curvature  of  lenfes.  But 
while  he  was  proceeding,  as  he  imagined,  upon  the  true  prin¬ 
ciples  of  opticks,  of  which,  however,  he  made  but  little  ufe, 
he  could  not  help  expreffing  his  furprize,  that  Mr.  Dollond 
fhould  have  been  led  to  fo  important  a  difcovery  by  reafoning, 
in  a  manner  quite  contrary  to  the  nature  of  things. §  At  length, 
however,  M.  Euler  was  convinced  of  the  reality  and  importance 
of  Mr.  Dollond’s  difcoveries,  and  very  frankly  acknowledges 
that  he  fhould,  perhaps,  never  have  been  brought  to  affent  to 
it  *  had  not  his  friend  M.  Clairaut,  affured  him,  that  the  expe¬ 
riments  of  the  Englifh  Optician  might  be  depended  upon. 
However  the  experiments  of  M.  Zeiher  of  Peterfburgh  gave  him 
the  mofl  complete  fatisfadion  with  refped  to  this  new  law  of 
refradion. 

This  gentleman  demonftrated  that  it  is  the  lead,  in  the  com- 
pofition  of  glafs,  that  gives  it  this  remarkable  property,  that. 


*  Ac.  Berl.  1762,  p.  260.  §  lb.  p.  261. 
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while  the  refradtion  of  the  mean  rays  is  nearly  the  fame,  that 
of  the  extremes  differs  confiderably.  And,  by  increafing  the 
quantity  of  lead  in  the  mixture,  he  produced  a  kind  of  glafs, 
which  occafioned  a  much  greater  feparation  of  the  extreme  rays 
than  the  flint  glafs,  which  Mr.  Dollond  had  made  ufe  of.  By 
this  evidence  M.  Euler  owns  that  he  was  compelled  to  renounce 
the  principle  which,  before  this  time,  had  been  confidered  as 
inconteftible,  viz.  that  the  difperfion  of  the  extreme  rays  de¬ 
pends  upon  the  refradtion  of  the  mean,  and  that  the  former  va¬ 
ries  with  the  quality  of  the  glafs,  while  the  latter  is  not  affedt- 
ed  by  it.* 

From  thefe  new  principles  M.  Euler  deduces  theorems  con¬ 
cerning  the  combination  of  the  lenfes,  and  in  a  manner  fimilar 
to  M.  Clairaut  and  D’Alembert,  points  out  methods  of  con- 
ftrudting  achromatic  telefcopes. 

While  he  was  employed  upon  this  fubjedt,  he  informs  us,  that 
he  received  a  letter  from  M.  Zeiher,  dated  Peterfburgh  30th  of 
January  1764,  in  which  he  gives  him  a  particular  account  of  the 
fuccefs  of  his  experiments  on  the  compofition  of  glafs,  and 
that  having  mixed  minium  and  fand  in  different  proportions,  the 
refult  of  the  mean  refradtion  and  the  difperfion  of  the  rays  va¬ 
ried  according  to  the  following  table. 


#  Ac.  Berl.  1766,  p.  119. 


Proportions 


Sec.  IV. 


THE  RAYS  OF  LIGHT. 


473 


Proportion  of  Mi¬ 
nium  to  Flint. 

Mean  refradtion  from 
air  into  glafs. 

Difperfion  of  the  ray 
in  comparifon  c 
crown  glafs. 

I. - 3 

i 

2028 

1000 

0 

0 

00 

:  1000 

II. - 2 

i 

183° 

1000 

355° 

:  1000 

III. - I 

i 

1787 

1000 

3259 

:  1000 

t— t 

<1 

• 

i 

l 

+■] 

i 

I732 

1000 

2207 

:  1000 

V. - 4 

i 

1724 

1000 

1800 

:  1000 

VI. - 4 

i 

1664 

1000 

1 354 

:  1000 

By  this  table  it  is  evident  that  a  greater  quantity  of  lead  not 
only  occafions  a  greater  difperfion  of  the  rays,  but  alfo  confi- 
derably  encreafes  the  mean  refradtion.  The  firft  of  thefe  kinds 
of  glafs,  which  contains  three  times  as  much  minium  as  flint, 
will  appear  very  extraordinary ;  fince,  hitherto,  no  tranfparent 
fubftance  has  been  known,  whofe  refradtive  power  exceeded  the 
ratio  of  two  to  one,  and  that  the  difperflon  occafioned  by  this 
glafs  is  almoft  five  times  as  great  as  that  of  crown  glafs,  which 
could  not  be  believed  by  thofe  who  entertained  any  doubt  con¬ 
cerning  the  fame  property  in  flint  glafs,  the  effedt  of  which  is, 
three  times  as  great  as  crown  glafs.  One  may  obferve,  how¬ 
ever,  in  thefe  kinds  of  glafs  fomething  of  a  proportion  between 
the  mean  refradtion  and  the  difperfion  of  the  rays,  which  may 
enable  us  to  reconcile  thefe  furprifing  effedts  with  other  princi¬ 
ples  already  known. 

Here,  however,  M.  Euler  anounces  to  us  another  difcovery 
of  the  fame  M.  Zeiher,  no  lefs  furprifing  than  the  former,  and 
which  difconcerted  all  his  fchemes  for  reconciling  the  above 
mentioned  phenomena.  As  the  fix  kinds  of  glafs  mentioned  in 
the  above  table  were  compofed  of  nothing  but  minium  and  flint, 


N  n  n. 
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M.  Zeiher  happened  to  think  of  mixing  alkaline  falts  with  them, 
in  order  to  give  the  glafs  a  confidence  more  proper  for  dioptric 
ufes  ;  when  he  was  much  furprifed  to  find  this  mixture  greatly 
diminifhed  the  mean  refraction,  almofi  without  making  any 
change  in  the  difperfion.  After  many  trials,  he,  at  length,  ob¬ 
tained  a  kind  of  glafs  greatly  fuperior  to  the  flint  glafs  of  Mr. 
Dollond,  with  refpeCt  to  the  conflru&ion  of  telefcopes,  fince  it 
occafioned  three  times  as  great  a  difperfion  of  the  rays  as  the 
common  glafs,  at  the  fame  time  that  the  mean  refraction  was 
only  as  i.  61  to  i.* 

M.  Euler  alfo  gives  particular  inflru&ions  how  to  find  both 
the  mean  and  extreme  refractive  power  of  different  kinds  of 
glafs,  and  particularly  advifes  to  make  ufe  of  prifms  with  very 
large  refracting  angles,  not  lefs  than  feventy  degrees. 

N  o  twi  th  flan  ding  it  evidently  appeared,  I  may  fay  to  almofi 
all  philofophers,  that  Mr.  Dollond  had  made  a  real  difcovery  of 
fomething  not  comprehended  in  the  optical  principles  of  Sir 
Ifaac  Newton,  it  did  not  appear  fo  to  fo  fenfible  a  man,  and  fo 
g^od  a  mathematician  as  Mr.  Murdoch  is  univerfally  acknow¬ 
ledged  to  be.  Upon  this  occafion  he  interpofed  in  the  defence, 
as  he  imagined,  of  Sir  Ifaac  Newton,  maintaining  that  Mr. 
Dollond’s  pofitions,  which,  he  fays,  he  knows  not  by  what 
mifhap  have  been  deemed  paradoxes  in  Sir  Ifaac’s  theory  of  ligh|, 
are  really  the  neceflary  confequences  of  it.  He  alfo  endeavours 
to  fhew  that  Sir  Ifaac  might  not  be  miflaken  in  his  account  of 
the  experiment  above-mentioned  ,  but,  admitting  all  that  he  ad¬ 
vances  in  this  part  of  his  defence,  Newton  muft  have  made  ufe 
of  a  prifm  with  a  much  fmaller  refraCling  angle  than,  from  his 

#  Ac.  Btrl.  1766,  p.  150. 
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own  account  of  his  experiments,  we  have  any  reafon  to  believe 
that  he  ever  did  make  ufe  of.* 

The  faCt  probably  was,  that  Sir  Ifaac  deceived  himfelf  in  this 
cafe,  by  attending  to  what  he  imagined  to  be  the  clear  confe- 
quence  of  his  other  experiments;  and  though  the  lightdie  faw 
was  certainly  tinged  with  colours,  and  he  muft  have  feen  it  to 
be  fo,  yet  he  might  imagine  that  this  circumftance  arofe  from 
fome  imperfection  in  his  prifms,  or  in  the  difpofltion  of  them, 
which  he  did  not  think  it  worth  his  while  to  examine.  It  is 
alfo  obfervable  that  Sir  Ifaac  is  not  fo  particular  in  his  defcription 
of  his  prifms,  and  other  parts  of  his  apparatus,  in  his  account  of 
this  experiment,  as  he  generally  is  in  other  cafes  ;  and  therefore, 
probably,  wrote  his  account  of  it  from  his  memory  only.  In  rea¬ 
lity,  it  is  no  reflexion  upon  Sir  Ifaac  Newton,  who  did  fo  much, 
to  fay  that  he  was  miftaken  in  this  particular  cafe,  and  that  he 
did  not  make  the  difcovery  that  Mr.  Dollond  did  ;  though  it 
be  great  praife  to  Mr.  Dollond,  and  all  thofe  perfons  who  con¬ 
tributed  to  this  difcovery,  that  they  ventured  to  call  in  queftiori 
the  authority  of  fo  great  a  man. 

It  is  not  faying  too  much  of  Sir  Ifaac  Newton,  to  fay  that, 
having  given  fo  much  of  his  attention  to  this  fubjeCt,  he  muft 
have  been  acquainted  with  the  utmofl:  extent  of  his  own  princi¬ 
ples  ;  and  therefore  that,  if  it  had  been  'poffible,  by  the  help  of 
them  only,  to  have  made  any  conflderable  improvement  in  re¬ 
fracting  telefcopes  ;  he,  who  thought  fo  much  about  telefcopes, 
could  not  have  avoided  hitting  upon  it.  But,  notwithftanding 
all  that  Mr.  Murdoch  has  ingenioufly  advanced  in  favour  of  Sir 
Ifaac  Newton,  or  rather  againfl:  Mr.  Dollond,  it  is  not  true,  in 

*  Phil.  Tranf.  Vol.  53,  p.  192, 
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fadt,  that  fuch  telefcopes  as  his  could  be  conftrudted,  if  the  re- 
frangibility  of  the  extreme  rays  was,  in  all  fubftances,  in  the 
fame  proportion  to  that  of  the  mean  ones,  which  it  is  evident 
Sir  Ifaac  Newton  took  it  for  granted  it  was. 

In  174S  Mr.  Dollond  made  a  farther  improvement  in  his  te¬ 
lefcopes,  by  making  two  object  glades  of  crown  glafs,  and  one 
of  flint,  which  his  fon  Mr.  Peter  Dollond  compleated,  fo  as  to 
finifh  an  object  glafs,  or  rather  a  fet  of  objedt  glaffes,  of  five  feet 
focal  length,  with  an  aperture  of  3  i  inches,  compofed  of  two 
convex  lenfes  of  crown  glafs,  and  a  concave  one  of  flint  glafs. 
Afterwards  he  made  one  of  3  i  feet  focal  length,  with  the  fame 
aperture  as  the  former.* 

As  it  may  be  ufeful  to  compare  the  refradtive  power  of  diffe¬ 
rent  kinds  of  glafs  with  their  fpecific  gravity,  I  fhall  here  take 
notice  that  the  fpecific  gravities  of  different  kinds  of  glafs  of 
which  telefcopes  are  ufually  made  were  examined  by  Mr.  Mar¬ 
tin,  and  found  by  him  to  be  as  follows. -f* 


The  fpecific  gravity  of  white  flint  is  as 
Common  plate  glafs  -  - 

Crown  glafs  -  -  -  -  - 

Yellow  plate  -  -  -  - 

Brazil  pebble  -  -  -  -  - 


1  to  3.29 
1  2.76 

1  2.52 

1  2.52 

1  2.62 


Hence,  he  obferves,  it  appears  that  the  refradtive  powers  of 
thefe  feveral  kinds  of  glafs  are  very  nearly,  as  their  fpecific  gra¬ 
vities,  which  are  nearly  equal  in  crown  glafs ,  yellow  glafs ,  and 
Brazil  pebbles,  and  alfo  in  that  which  is  called  Dutch  white  and 
in  Cornijh  diamond. 


*  Phil.  Tranf.  Yol.55jp.56.  f  New  Elements  of  Opticks,  p.  69. 
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CHAPTER  II. 


Obsevations  on  the  REFRACTIVE  POWER  of 

DIFFERENT  SUBSTANCES. 


M  Euler  the  elder,  having  filled  two  menifcus  glafies  with 
»  water,  and  found  their  focus  to  be  eight  feet,  and  that  af¬ 
ter  filling  them  with  fpirit  of  wine,  it  was  only  five  feet,  when  the 
difference  of  the  refra&ive  powers  of  thefe  liquors  was  fo  fmall 
as  in  the  proportton  of  73  to  75,  he  thought  that  this  would  be 
the  bed:  and  moft  accurate  method  of  afcertaining  the  refractive 
powers  of  all  tranfparent  liquors.* 

M.  Euler  the  younger,  carried  into  execution  thefcheme  pro- 
pofed  by  his  father,  with  refpeCt  to  feveral  tranfparent  liquors, 
after  firft  demonftrating  the  certainty  of  the  method,  and  fhew- 
ing  the  manner  in  which  allowance  mull  be  made  for  the  varia¬ 
tion  of  refraCtion  arifing  from  the  glafs  of  the  menifcufes,  and 
the  form  of  them.-f*  He  was  furniflied  with  an  opportunity  of 
trying  thefe  experiments  by  having  fome  glalfes  which  proved  to 

*  Ac.  Berlin.  1756,  p.  £37.  f  lb.  1 762,  p.  279. 
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be  very  convenient  for  this  purpofe,  though  they  were  ground 
for  objeCt  glalfes  to  telefcopes,  on  the  fcheme  mentioned  above  •, 
which  not  fucceeding,  they  had  been  laid  abide  as  ufelefs. 

i  *  • 

The  defcription  M.  Euler  gives  of  the  manner  in  which  his 
experiments  were  made,  thews  that  this  method  is  an  exceeding¬ 
ly  eafy  one.  He  had  nothing  to  do  but  to  put  his  two  glalfes 
together,  when  they  were  plunged  in  the  fluid,  the  refractive 
power  of  which  he  wanted  to  determine  ;  for  the  edges  being 
ground  flat,  they  immediately  cohered,  fo  that  none  of  the  fluid 
could  efcape,  and  then  they  might  both  together  be  wiped,  and 
ufed  as  one  objeCt  glafs,  in  a  long  tube,  which  he  could  leng¬ 
then  or  fliorten  at  pleafure ;  and  applying  an  eye  glafs  to  it,  all 
the  obfervation  he  had  to  make  was  to  meafure  the  exaCt  length 
of  his  tube,  when  he  could  fee  through  it,  moft  diftinCtly,  a  tur¬ 
ret  which  was  at  a  confiderable  diftance  from  him.  Or,  when 
the  focal  diftance  was  lefs  than  a  foot,  he  only  obferved  at  what 
diftance  from  a  wall  the  image  of  an  oppofite  window  was  the 

moft  diftinCt.*  . ! '  ' 

The  refraClive  power  of  the  fluids  which  he  examined  in  this 
manner,  he  exprefled  in  the  following  tables. 

*  Ac.  Berl.  1762,  p.  302. 
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A  ray  of  light  palling  from  air  into 


The  fine  cf  the  an¬ 
gle  of  incidence 
will  be  to  that  of 
refraction  as 


—  ■ 1  i*  1  ■  - —  ■  1  ■ 

Diftilled  water  -  -  -  - . •  - 

Rain  water . - . 

Well  water  -  --  --  -  - 

French  wine  -  --  -- . . 

French  brandy . 

Ditto  a  ftronger  kind  -  -  .  . . 

Redtified  fpirit  of  wine  -  .  . . 

Ditto  more  highly  rectified  -  . 

The  white  of  an  egg  -  _  -  -  - 

Diftilled  vinegar . -  -  -  -  - 

A  folution  of  gum  arabic  -------- 

A  folution  of  2  l'cruples  of  white  fugar  in  an  oz.  of  water 
A  folution  of  2  fcruples  of  rock  fait,  in  ditto  -  - 

A  folution  of  2  fcruples  of  fait  of  urine,  in  ditto  - 

Oil  of  Provence  .  . . -  -  - 

Oil  of  Turpentine  -------- 


1^3358 

1.3358 

i.3366 

1.3453 

1,3603 

!,3646 

1,3685 

1,3706 

1,3685 

i,3442 

i,346; 

1,3457 

!,3477 

1,3400 

1,4651 

1,4822 


N.  B.  The  rock  fait,  and  the  fait  of  urine  was  purified  by  a  double  cryftallization. 


By  a  fecond,  pair  of  menifcufes. 


Diftilled  water  ------------ 

Rain  water  -  --  --  -  - . 

Well  water  -  -  -  -------- 

French  wine  .  . . .  -  - 

French  brandy  -  - . 

Ditto  a  ftronger  kind  .  . . . 

Spirit  of  wine  rectified  -  -  -  -  -  -  -  1 . 

Ditto  more  higher  redlified  - 

Tea . - . 

Mineral  alkali  faturated  (I  fuppofe  with  water)  -  - 
Spirit  of  Nitre . 

A  folution  of  2  fcruples  of  Glauber’s  fait  in  an  oz.  of  water 
A  folution  of  2  fcruples  of  digeftive  fait  of  Sylvius  in  do. 
A  folution  of  2  fcruples  of  Sal  ammoniac  in  ditto 
A  folution  of  2  fcruples  of  copperas  in  ditto  -  -  - 

Oil  of  T  artar  per  deliquium  - 
Oil  of  Provence  -  --  --  --  --  - 

Oil  of  Turpentine  -  --  --  --  --  -- 


1,3358 

1,3358 

1,3362 

1,3458 

• 

4-J 

1,3600 

T 

r  * 

1,361 8 

r-> 

1,3683 

1 ,37°5 

j,3376 

1,3600 

1,4025 

I,343° 

^  * 

i,3454 

•  *H 

a 

r-+ 

1,3488 

O 

1,3395 

H 

I,39I7 

1,4648 

1,4822 
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The  refractive  power  of  fome  other  fluids  found  by  the  fecond 
pair  of  menifcufes  18  Augufl:  1761,  Reaumur’sThermometer  be¬ 
ing  31  degrees  above  the  freezing  point. 


A  ray  of  light  pafling  from  air  into 

Well  water  -  -  -  - 

Four  different  folutions  of  nitre  -  -  -  - 

viz.  1 2  grains  of  depurated  nitre  to  an  ounce  of  water 

38  -  -  -  - 

to  2  ounces  of  water 


Four  different  infufions  -  -  - 

Of  parfley  - 
Of  nutfhells  - 
Of  faffron  -  - 

Of  fifh  feales  - 
Of  Zelter  water 
Of  Eger  water 
Anodyne  liquor  -  -  -  -  r 
Spirit  of  camphor  -  -  -  - 

Spirit  of  Saxon  fope  -  -  -  - 


The  fine  of  the 
angles  of  inci¬ 
dence  willbeto 
that  of  refracti¬ 


on  as 


M3  5i 

M3go 
M398 
M45° 
M54° 
M35‘ 
M355 
*>3359 
M363 
3353 
*>3353 
*>335  8 

*>365° 

*>3757 

1,4083 


That  the  refradtive  power  of  thefe  fluids,  determined  in  this 
manner  by  M.  Euler,  may  be  more  eafily  compared  with  Mr. 
Hauldbee’s  and  Sir  Ifaac  Newton’s  experiments,  he  reduced  the 
refult  of  their  obfervations  into  the  following  tables  exactly  fimi- 
lar  to  his  own.  As  the  original  tables  are  not  large,  I  imagined 
that  the  reader  would  not  be  difpleafed  with  feeing  them  again 
in  a  different  form;  and  yet  might  chufe  to  have  it  in  his  power 
to  confult  them  in  the  form  in  which  their  authors  difpofed  them, 
efpecially  as  they  are  often  quoted  and  referred  to  in  that  form. 


The 
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The  refractive  power  of  certain  fluids  found  by  Mr.  Haukfbee, 

fee  his  Experiments,  p.  292. 

A  ray  of  light  pafling  from  air  into 


Water  - 

1 

i  >3359 

Spirit  of  honey 

—  «• 

- 

- 

- 

M359 

- « -  £al  ammoniac 

r 

- 

- 

m 

i»3577 

Oil  of  amber  - 

*>3377 

Spirit  of  hartfhorn 

- 

•m 

- 

- 

i>339° 

Human  urine  - 

- 

- 

- 

i»34I9 

White  of  an  egg 

- 

- 

•m 

1^35” 

Jelly  of  hortthorn 

- 

- 

- 

- 

i»354r 

French  brandy 

- 

- 

- 

- 

1,3626 

Spirit  of  wine  -  '  - 

i»3  721 

Diftilled  vinegar 

- 

- 

-  • 

- 

i,3721 

Gum  ammoniac 

- 

- 

- 

- 

i»3723 

Aqua  regia  - 

i>3898 

- from  aqua  fortis  and  fal  ammoniac 

- 

- 

1,3964 

Aqua  fortis  -  -  - 

- 

- 

- 

- 

1,4044 

Spirit  of  nitre  - 

1,4076 

The  cryftalline  humour  of  an 

ox’s  eye 

- 

- 

- 

i»4635 

Butter  of  antimony 

- 

- 

- 

- 

1,6831 

Oil  of  vitriol  - 

- 

- 

- 

1,4262 

Oil  of  wax  - 

- 

— 

- 

_  *  • 

1,4524 

Oil  of  lavender 

- 

- 

- 

- 

1,4690 

Oil  of  rofemary 

1*47*9 

Oil  of  origanum 

- 

- 

- 

- 

1,4770 

Oil  of  ginger 

- 

- 

- 

i,4799 

Oil  of  oranges 

- 

- 

- 

- 

1,4833 

Oil  of  turpentine 

- 

- 

- 

- 

1,4833 

Oil  of  favine  - 

1,4857 

Oil  of  flowers  of  mulk 

- 

- 

i. 

- 

1,4878 

Oil  of  mint  - 

- 

-- 

- — 

i,49ri 

Oil  of  amber  - 

1,5010 

Oil  of  cummin 

- 

* 

- 

1,5088 

Oil  of  fennel  -  -  - 

i,5J  r4 

Oil  of  cloves  - 

- 

- 

- 

- 

I,5I3^ 

Oil  of  anife  - 

- 

- 

- 

1,5191 

Oil  of  cinnamon  -  -  - 

- 

- 

- 

- 

i,534° 

Oil  of  faflaffas  - 

- 

- 

tv 

- 

i,5443 

The  fine  of  the 
angle  of  inci¬ 
dence  will  be  to 
that  of  refracti¬ 
on  as 


O  o  o 
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The  refradtive  powers  of  fome  tranfparent  liquors  according  to 
the  obfervations  of  Sir  Ifaac  Newton.  See  Op  ticks,  p.  247. 


■  I 


A  ray  of  light  palling  from  air  into 


1  >" 


V/-  J I 


A  yellow  pfeudo  topaz  -  - 
Air  ------- 

Glafs  of  antimony 
A  felenites  -  -  -  - 

Glafs  -  -  -  -  - 

Cryftal  of  the  rock  - 

Ifland  cryftal  - 

Sal  gem  -  -  -  -  J. 

Alum  -  -  - 

Borax  -  -  - 

Nitre  -  -  -  - 

Dantzick  vitriol  - 
Oil  of  vitriol  -  -  -  -  - 

Rain  water  -  -  - 

Gum  arabic  -  -  -  - 

Spirit  of  wine  well  rectified  - 
Camphire  -  ------ 

Oil  Olive  -----  -  - 

Linfeed  oil  ------  - 

Spirit  of  turpentine  -  -  -  - 

Amber  -  --  --  --  - 

A  diamond  -  -  -  -  -  - 

M.  Euler  charges  Mr.  Haukfbee  with  inaccuracy,  andobferves 
that  he  makes  the  refradtive  power  of  fpirit  of  wine  confiderably 
greater  than  Newton  makes  it,  though  the  fpirit  of  wine  that 
Newton  made  ufe  of  was  very  highly  redtified.  He  alfo  thinks 
Mr.  Haukfbee  miftaken  in  making  the  refradtive  power  of  the 

white 


1 

The  fine  of  the 
angle  of  inci¬ 
dence  will  be  to 
that  of  refrac¬ 
tion  as 

- 

1,6429 

0,9997 

- 

1,8889 

1,4878 

G55°°  £ 

- 

1,5620  *5 

1,6666  3 

Q 

G5455  H 

-  ■ 

G4577 

- 

1,4667 

f  1  {  *1  f 

1,5238 

- 

1,5000 

1,4285 

!>3358 

G4771  ^ 

- 

1,3698  I  f 

1,5000  * 

1,4666 

1,4814 

- 

1,5625 

-  1 

I»5556 

^  1 

2,4390 
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white  of  egg  lefs  than  that  of  French  brandy ;  whereas,  by  re¬ 
peated  experiments,  he  found  it  to  be  equal  to  that  of  rectified 
fpirit  of  wine.  Mr.  Haukfbee  alfo  made  the  refraCtive  power 
of  diftilled  vinegar  equal  to  that  of  fpirit  of  wine,  whereas  M. 
Euler  could  only  make  it  to  be  equal  to  that  of  French  wine.* 
The  following  obfervations  of  M.  Euler  on  this  fubjeCt  are 
curious  and  ufeful.  There  is  no  fluid,  and  probably  no  tranf- 
parent  fubftance,  of  any  kind,  the  refraCtive  power  of  which  is 
lefs  than  that  of  rain  water,  or  diftilled  water.  It  is  furprifing 
that  betwixt  air  and  rain  water,  there  is  no  fubftance  that  has  an 
intermediate  refractive  power. 

After  rain  water  immediately  follows  well-water ,  but  there 
are  probably  as  many  varieties  in  its  refraCtive  power  as  there  are 
different  wells.  We  may,  however,  conclude  that  the  ratio  of 
refraction  from  air  into  well-water  is  contained  between  the 
limits  of  1,336  to  1,  and  1,337  t0 

Spirituous  liquors  have  a  greater  refractive  power  in  propor¬ 
tion  to  their  ftrength,  but  the  ratio  of  refraction  from  air  into 

any  fpirituous  liquor  is  never  lefs  than  1,  34,  nor  greater 

than  i,  37.  » 

There  is,  probably,  no  kind  of  fait,  but  what,  being  diffolved 
in  water,  increafes  its  refraCtive  power. 

The  folutions  of  fait  of  urine  and  of  vitriol  have  the  leaft  re¬ 
fractive  powers,  and  thofe  of  rock  fait  and  fal  ammoniac  the 
greateft;  but  the  ratio  of  refraCtion  from  air  into  any  faline  folu- 
tion,  preferving  the  proportion  of  one  ounce  of  fait  to  twelve  of 
water,  will  be  contained  between  the  limits  of  i,  34  to  i,  and 
1,35  to  i. 

*  Ac.  Berl.  1762,  p.  313. 
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Diddled  vinegar  and  the  foliation  of  gum  arabic  have  nearly 
the  fame  refraCtive  power  with  common  French  wine,  and  the 
refractive  power  of  white  of  egg  is  the  fame  as  that  of  rectified 
fpirit  of  wine. 

Mineral  alkali  faturated,  feems  to  have  the  fame  refraCtive 
power  with  very  ftrong  brandy. 

Spirit  of  nitre  and  oil  of  Tartar  per  deliquium  have  a  medium 
refraCtive  power  between  fpiriiuous  liquors  and  oils. 

The  refraCtive  powers  of  oils  approach  the  neareft  to  that  of 
glafs,  efpecially  oil  of  turpentine,  which  had  the  greatefl  refrac¬ 
tive  power  of  all  the  fluids,  on  which  he  had  made  experiments.* 

Sir  Ifaac  Newton  fufpeCted  that  different  degrees  of  heat  might 
have  fome  effeCt  on  the  refraCtive  power  of  bodies,  but  his  me¬ 
thod  of  determining  the  general  refraCtion  was  not  fufficiently 
accurate  to  afcertain  this  circumftance ;  but  happily  this  method 
of  M.  Euler’s  proved  to  be  well  adapted  to  this  purpofe,  to 
which  he  did  not  fail  to  apply  it. 

1 .  When  a  Angle  objeCt  glafs  was  held  in  boiling  water,  till 
it  had  acquired  the  fame  degree  of  heat,  he  found  that  its  focal 
diftance  was  fixteen  inches ;  whereas,  when  it  was  cold,  it  was 
16#.  This  experiment  was  made  Auguft  22,  1761,  when  Reau¬ 
mur’s  thermometer  (which  was  at  80  for  the  heat  of  boiling 
water)  was  at  145  fo  that  an  increafe  of  66  degrees  of  heat 
made  a  difference  of  7  of  an  inch  in  the  focal  diftance  of  the 
lens. 


2.  Filling  the  cavity  of  two  mcnifcufes  with  boiling  water, 
the  focus  was  45  inches,  and  when  cold  it  was  41,  44.  In  this 
cafe  a  difference  of  46  degrees  of  heat  made  an  augmentation  of 

3.  56  inches  in  the  focal  diftance. 


•  Ac.  Berl,  1762,  p.  310. 
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3.  Holding  a  Angle  objedl  glafs  over  a  quantity  of  boiling  wa¬ 
ter,  the  difference  of  33  degrees  of  heat  leffened  the  focal  dis¬ 
tance  half  an  inch.  When  it  was  heated  to  30  degrees  above  the 
freezing  point,  the  focal  diftance  meafured  48.  31  inches.  When 
it  was  cooled,  till  it  was  only  8  degrees  above  the  fame  point, 
it  was  increafed  t  of  an  inch ;  and  when  it  was  quite  cold, 
which  was  3  degrees  below  the  freezing  point,  it  was  increafed 
i  of  an  inch  more. 

4.  Holding  two  menifcufes,  filled  with  well-water,  over  a 
quantity  of  boiling  water,  till  the  thermometer  (which  was  held 
clofe  to  it)  rofe  from  3  degrees  below,  to  30  above  the  freezing 
point,  the  focal  diftance  meafured  37.  56  inches  ;  at  6  above 
freezing  it  was  32.  44  ;  at  4  a  degree  above  freezing  it  was  31. 
44  inches.  He  then  took  his  apparatus  into  the  open  air,  when 
the  water  froze,  and  loft  its  tranfparency. 

5.  The  fame  menifcufes,  filled  with  French  brandy,  at  3  de¬ 
grees  below  freezing,  the  focal  diftance  meafured  18.  31  inches ; 
but  when  they  were  heated  to  30  degrees  above  freezing  it  in¬ 
creafed  7.  13  inches. 

6.  When  the  menifcufes  were  filled,  about  the  fame  time, 
with  a  folution  of  rock  fait,  the  focal  diftance  meafured  21.  81 
inches ;  but  when  they  were  heated  to  30  degrees  above  freezing, 
it  was  increafed  2.  88  inches. 

7.  When  the  menifcufes  were  filled  with  oil  of  olives,  the 
thermometer  being  at  8  below  freezing,  the  focal  diftance  was 
6.  75  inches;  but  when  they  were  50  degrees  above  freezing, 
it  was  7.  3 7  inches. 

8.  On  the  fame  day,  the  thermometer  being  8  below  freezing, 
the  menifcufes  being  filled  with  Eger  water,,  the  focal  diftance 
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was  36.  56  inches  ;  but  being  50  degrees  above  freezing  it  was 
53  inches,  fo  that  58  degrees  of  heat  had  increafed  the  focal 
diftance  16.  15  inches.* 

From  thefe  experiments  M.  Euler  makes  the  following  ob- 
fervations.  The  firft  and  third  experiment  fhew  that  the  focal 
diftance  of  a  Angle  lens  of  glafs  diminifhes  with  the  heat  com¬ 
municated  to  it,  and  this  diminution  of  the  focal  diftance  is  not 
owing  to  the  increafe  of  bulk  in  the  glafs  by  heat  ;  for  the  effedt 
of  this  change  is  both  inconfiderable,  and  of  a  contrary  nature. 
There  can  be  no  doubt,  therefore,  but  that  this  alteration  in  the 
focal  diftance  is  owing  to  a  change  in  the  refradtive  power  of  the 
glafs  itfelf,  which,  as  well  as,  probably,  that  of  all  other  tran- 
fparent  fubftances,  is  increafed  by  heat,  and  diminifhed  by  cold. 

It  may  feem  furprifing  that  the  focal  diftance  of  a  fingle  lens 
fhould  decreafe  with  heat,  and  yet  that  of  the  menifcufes  filled 
with  any  fluid,  fhould  increafe  with  heat ;  but  M.  Euler  ob- 
ferves,  that  it  by  no  means  follows  from  hence,  that  thefe  fluids 
are  affedted  by  heat  in  a  manner  different  from  glafs  ;  and,  after 
computing  the  effedt  of  every  circumftance  of  this  complex  ex¬ 
periment,  of  the  two  glaffes  and  the  fluid  combined,  he  con¬ 
cludes  that  heat  increafes  the  refradtive  power  of  water,  and  of 
other  fluids  as  well  as  that  of  glafs.^ 

He  farther  obferves  that  as  66  degrees  of  heat  diminifhed  the 
focal  diftance  Ar  part,  33  degrees  ought  to  have  diminifhed  it 
x3-o  part;  whereas  the  diminution  in  this  cafe  was  -A-.  From 
hence,  fays  he,  one  may  perhaps  conclude,  that  when  it  is  very 
cold,  the  fame  change  in  the  thermometer  has  a  greater  effedt  on 
the  refradtive  power  of  the  glafs  than  when  it  is  very  hot.  But  he 

#  Ac.  Berl.  1762,  p.  328.  fib.  p.  333,  341. 
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acknowledges  that  experiments  of  this  kind  are  not  capable  of  fo 
much  precifion  as  one  could  wilh,  and  that,  perhaps,  in  reality, 
the  66  degrees  made  a  change  of  Vo-,  and  the  33  degrees  of  TV ; 
but  he  imagined  that  a  great  number  of  experiments,  made  in 
different  temperatures  of  the  air,  might  decide  this  queftion, 
efpecially  if  object  glaffes  of  a  very  great  focal  diftance  were 
made  ufe  of.* 

M.  Euler  concludes  this  curious  paper  with  expreffing  his 
withes,  that  a  greater  number  of  experiments  of  this  kind  were 
made,  in  order  to  afcertain,  with  more  exaCtnefs  than  he  could 
pretend  to  have  done  it,  the  quantity  of  augmentation  which  the 
refractive  power  of  glafs  receives  by  heat.  He  imagined,  alfo, 
that  by  purfuing  the  experiments  with  the  menifcufes,  not  only 
the  change  of  the  refraCtive  power  of  the  liquids  contained  in 
them  might  be  determined,  but  that  one  could  hardly  fail  ta 
make  many  difcoveries  concerning  the  nature  of  refraction  in  ge^ 
neral,  which  might  be  of  ufe  in  perfecting  the  theory  of  it. § 
The  Duke  De  Chaulnes,  not  fatisfied  with  the  methods  ufed 
by  Newton  and  others  to  determine  the  refractive  power  of  glafs, 
hit  upon  another  which  is  very  ingenious,  and,  if  good  inflru- 
ments  and  great  attention  be  applied,  may,  perhaps,  fucceed 
pretty  well.  He  formed  the  glafs  into  plates,  the  furfaces  of 
which  were  truly  plane  and  parrallel,  and  having  placed  fmall 
objects  on  each  of  them,  he  found,  by  means  of  a  compound 
microfcope,  to  which  he  applied  the  moft  exquifite  micrometers, 
the  different  diftances  at  which  they  were  diftinCtly  vifible,  and 
compared  them  with  the  thicknefs  of  the  glafs.  This,  he  fays, 
gives  the  proportion  of  the  fines  of  the  angles  of  incidence  and 

*  Ac.  Berl.  p.  334.  §  lb.  p.  342. 
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refraCtion  in  that  kind  of  glafs  dire&ly.  Thus  if  B  and  A  fig. 
107,  be  at  the  diftance  of  the  two  furfaces,  any  objedl  at  A  will 
be  feen  by  rays  fo  refracted  at  D  and  d ,  as  if  they  had  proceed¬ 
ed  from  C,  and  the  diftance  between  C  and  A  will  be  greater  or 
lefs  in  proportion  to  the  refractive  power  of  the  glafs.* 

In  this  method  he  afcertained  the  mean  refradtive  power  of 
fifteen  kinds  of  glafs.  The  real  thicknefs  of  his  piece  of  crown 
glafs  was  2.  78  of  an  inch,  the  thicknefs  by  refraction  was  1.  85, 
and  the  proportion  of  the  fine  of  incidence  and  refraction  was 
o.  665.  In  flint  glafs  the  real  thicknefs  was  2.  42,  the  thick¬ 
nefs  by  refraCtion  1.  52,  and  the  proportion  of  the  fines  o.  628. 

To  afcertain  the  proportion  in  which  different  kinds  of  glafs 
difperfed  different  kinds  of  rays,  he  fixed,  in  the  aperture  of  a 
camera  obfcura,  pieces  of  glafs  of  the  beft  red  and  blue  that  he 
could  procure,  with  hairs  drawn  acrofs  one  another  upon  them  ; 
and,  with  the  greateft  care,  he  meafured  the  diftances  at  which 
the  rays  were  united,  after  being  received,  at  a  known  diftance, 
by  the  lens,  the  mean  focus  of  which  he  had  very  accurately 
found.  In  this  manner  he  compared  the  glafs  of  St.  Gobin 
with  Englifh  flint  glafs,  by  which  it  appeared,  that  the  true 
focus  of  the  red  rays  in  the  flint  glafs  was  one  foot  6.  6A  inches, 
and  that  of  the  blue  rays  one  foot  6.  3-A  inches  ;  but  the  focus  of 
the  glafs  of  St.  Gobin  was  for  the  red  rays  one  foot  8.  2-A-  inches, 
and  for  the  blue  one  foot  8.  odi  inches ;  the  white  focus  in  the 
former  being  one  foot  6.  444  inches,  and  in  the  latter  one  foot 
8.  2 -A  inches  ;  fo  that  the  difperfion  in  the  former  was  to  that 
in  the  latter  as  3  to  i44.§ 

*  Ac.  Par.  1767,  M.  p.  431.  §  lb.  p.  441. 
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With  the  fame  attention  the  DukeDe  Chaulnes  contrived  me¬ 
thods  of  meafuring  the  precife  degree  of  curvature  proper  for 
glaffes  to  be  ufed  in  achromatic  telefcopes,  and  the  diftances  at 
which  they  ought  to  be  placed.  He  alfo  took  a  great  deal  of 
pains  in  applying  micrometers  to  all  the  inftruments  he  made 
ufe  of. 


CHAPTER  III. 


Of  the  refractive  power  of  the  ATMOSPHERE. 
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OBSERVATIONS  on  the  refractive  power  of  the  atmofphere 
have  been  happily  applied  by  M.  Lambert,  to  correCt  the 
calculations  by  which  the  heights  of  mountains  have  been  deter¬ 
mined,  and  to  demonftrate  a  more  perfect  correfpondence  of 
barometrical  obfervations  with  them. 

If  AM,  fig.  108,  reprefents  the  furface  of  the  earth,  and  Mo 
the  height  of  a  mountain  upon  it,  a  ray  coming  from  the  top 
of  it  to  the  eye  of  a  fpe&ator  at  A  will  come  in  the  direction 
AO.  But  the  true  altitude,  Mo,  cannot  be  determined  till  the 
angle  of  refraction,  OAo,  be  deducted  from  the  angle  of  ob- 
fervation  OAM.  Upon  thefe  principles  he  calculated  the  fol¬ 
lowing  ufeful  table,  fuppofing  E  the  radius  of  the  trajectory, 
which  the  rays  of  light  make  through  the  atmofphere,  to  be  to 
the  radius  of  the  earth  as  7  to  1,  the  trajectory  being  fafely  con- 
fidered  as  a  circle,  in  fo  fmall  a  diftance. 
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o  O 

AM 

oO 

'  A  M 

oO 

AM 

i 

6761 

34 

39427 

67 

55344 

2 

9562 

35 

40002 

68 

55758 

3 

1 171 1 

36 

40570 

69 

56166 

4 

13523 

37 

4' 1 3° 

7° 

56571 

5 

i5u9 

38 

41686 

7* 

56974 

6 

16562 

39 

42226 

72 

57374 

7 

17889 

40 

42764 

73 

57770 

8 

iqi  24 

4* 

43296 

74 

58*65 

9 

20285 

42 

43820 

75 

58556 

10 

21388 

43 

44338 

76 

58940 

1 1 

22425 

44- 

44851 

77 

59333 

12 

23422 

45 

45357 

78 

597*9 

‘3 

24379 

46 

45860 

79 

60098 

*4 

25300 

47 

46354 

80 

60477 

*5 

26187 

48 

46845 

81 

60855 

16 

27046 

49 

4733* 

82 

61230 

J  7 

27879 

50 

47812 

83 

61600 

1 8 

28687 

5* 

48287 

84 

61970 

*9 

29470 

52 

48758 

85 

62338 

20 

30238 

53 

49224 

86 

62705 

21 

3°985 

54 

49687 

87 

63069 

22 

3*7*5 

55 

50144 

88 

63430 

23 

32427 

56 

50599 

89 

63788 

24 

33*25 

57 

51049 

90 

64146 

25 

33808 

58 

5*495 

9* 

64501 

26 

3  447  8 

59 

5*937 

92 

64854 

27 

35*34 

60 

52375 

93 

65206 

28 

35778 

61 

52810 

94 

65556 

29 

364*2 

62 

53240 

95 

65903 

3° 

37035 

63 

53668 

96 

66250 

31 

37647 

64 

54092 

97 

66595 

32 

38249 

65 

545*4 

98 

66937 

33 

38842 

66 

5493* 

99 

67275 

34 

39427 

67 

55344 

100 

47615 

The  firft  column  of  this  table,  o  O,  exprelfes  the  quantity  by 
which  the  obferved  altitude  of  a  mountain  muft  be  diminifhed, 
and  the  fecond  column  AM,  the  didance  that  correfponds  to  it. 
Taking  a  medium  between  the  diameter  of  the  equator  and  the 
axis  of  the  earth,  Mr.  Lambert  fuppofes  that,  if  OM  be 


*5:2l* 


Sec.  IV- 


OF  THE  ATMOSPHERE. 


49 1 


1 5.3 1 1  toifes,  o  O  will  be  2.1873  toifes,  from  whence  the  num¬ 
bers  in  the  table  are  deduced,  o  O  increaling  or  decreafing,  as 
the  fquare  of  the  diftance  AM. 

Applying  this  correction  to  the  heights  of  the  mountains  ob- 
ferved  by  M.  Caflini,  he  found  that  fome  of  them  had  been  fup- 
pofed  to  be  40  or  50  toifes  too  high,  and  others  almoft  as  much 
too  low ;  fo  that  it  was  no  wonder  that  the  heights  of  the  baro¬ 
meter  could  not  be  made  to  correfpond  to  them  ;  whereas,  when 
he  had  applied  this  correction,  he  was  furprifed  to  find  the  cor- 
refpondence  to  be  fo  very  exaCt  as  it  is.  He  has,  therefore,  pre- 
fented  us  with  the  following  table  of  the  heights  of  the  barome¬ 
ter  anfwering  to  the  true  heights  of  mountains ;  and,  compar¬ 
ing  it  with  the  heights  that  have  been  actually  meafured,  he 
found  the  difference  to  be  but  a  very  few  toifes,  except  where 
there  was  reafonto  think  that  the  menfuration  had  not  been  exaCt. 


Height  of 
the  Barome 
ter. 

Height  of 
the  Places. 

Height  of 
the  Barome¬ 
ter. 

Height  of 
the  Places. 

Height  of 
he  Barome¬ 
ter. 

Height  of 
the  Places. 

27  : 

1 1 

I  2,0 

24  : 

8 

529*3 

21  : 

5 

1136,4 

-  - 

10 

24,1 

-  - 

7 

544*4 

-  - 

4 

1153,2 

-  - 

9 

36*3 

-  - 

6 

558,8 

-  - 

3 

I  17°*' 

-  - 

8 

48,6 

-  - 

5 

573*4 

-  - 

2 

I  187,1 

-  - 

7 

60,9 

-  - 

4 

588,0 

-  - 

1 

I 204, t 

-  - 

6 

73*3 

3 

602,7 

21  : 

0 

1221,2 

-  - 

5 

85*7 

-  - 

2 

617,3 

20  : 

1 1 

1238,4 

— 

4 

98,2 

-  - 

1 

632,1 

-  - 

10 

1255,6 

-  - 

3 

1 10,8 

24  : 

0 

647,9 

-  - 

9 

1 272,9 

-  - 

2 

123,3 

23  : 

1 1 

66t  ,8 

-  - 

8 

1290,3 

-  - 

1 

136,0 

-  - 

10 

676,8 

-  - 

7 

I  307»7 

27  : 

0 

H8»7 

-  - 

9 

691,8  j 

-  ~ 

6 

1 3  z5*3 

26  : 

1 1 

161,4 

-  - 

8 

706,8 

-  - 

5 

1 342,7 

— 

10 

J74»4 

-  - 

7 

7  2 1 *9  1 

-  - 

4 

1360,4 

-  - 

9 

187,4 

-  - 

6 

737*'  i 

-  - 

3 

1378,1 

— 

8 

200,4 

-  - 

5 

752,5  : 

-  - 

2 

1396,1 

-  - 

7 

21 3*4 

-  - 

4 

766,6 

-  - 

1 

t4I3*9 

-  - 

6 

226,5  1 

-  - 

3 

783,0  1 

20  : 

0 

*43 1*8 
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Height  of 
the  Barome¬ 
ter. 

Height  of 
the  Places. 

Height  of 
the  Barome¬ 
ter. 

Height  of 
the  Places. 

1  Height  of 
'the  Barome- 
jcer. 

Height  of 
the  Places. 

"  '  5 

239’7 

-  -  2 

798,4 

1 

19:11 

1449,8 

-  -  4 

252>9 

-  -  I 

8 . 3,9 

-  -  (O 

H67.9 

-  -  3 

266,2 

23  :  0 

829,5 

-  -  9 

1486,1 

-  -  2 

279,6 

22:11 

845,0 

-  -  8 

1504,4 

-  -  I 

239, t 

-  -  10 

860,7 

-  -  7 

1522,8 

26  :  0 

306,6 

-  -  9 

876,4 

-  -  6 

154'. 2 

25  :  1 1 

320,1 

%  x 

-  -  8 

892,2 

-  -  5 

*559.7 

-  -  10 

3  3  3»7 

-  -  7 

908,0 

-  -  4 

1578,3 

-  -  9 

347 » 3 

-  -  6 

924,0 

-  -  3 

*597,o 

-  -  8 

361,1 

-  -  5 

940,0 

2 

.615,7 

-  -  7 

374*8 

-  -  4 

956,1 

-  -  1 

*634,5 

-  -  6 

388,7 

-  -  3 

972,2 

19  :  0 

*652,5 

-  -  5 

402,5 

-  -  2 

988,3 

18  :  6 

1768,0 

-  -  4 

416,5 

1 

1004,4 

18  :  0 

1887,4 

-  -  3 

430,5 

22  :  0 

1020,8 

17  :  6 

2009,3 

-  -  2 

444,6 

21:11 

1 037 » * 

17  :  0 

2134,8 

-  -  1 

458,7 

-  -  10 

1  °5  3*5 

]  16  :  6 

2264,0 

25  :  0 

472,8 

-  -  9 

1069,9 

16  :  0 

2397,3 

24  :  1 1 

487,0  ; 

-  -  8 
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The  obfervations  of  Mr.  Lambert  go  upon  the  fuppofition 
that  the  refractive  power  of  the  atmofphere  is  invariable ;  but  this 
is  by  no  means  the  cafe  and  therefore  his  rules  muft  be  coniidered 
as  true  for  the  mean  Rate  of  air  only. 

A  mod;  remarkable  variety  in  the  refraCtive  power  of  the  at¬ 
mofphere  was  obferved  by  Dr.  Nettleton,  near  Halifax  in  York- 
fhire,  which  demonftrates  how  little  we  can  depend  upon  the 
calculated  heights  of  mountains,  when  the  obfervations  are  made 
with  an  inftrument,  and  the  refradtive  power  of  the  air  is  to  be 
allowed  for.  Being  deiirous  to  learn,  by  obfervation,  how  far 
the  mercury  would  defcend  in  the  barometer  at  any  given  eleva¬ 
tion  (for  which  there  is  the  belt  opportunity  in  that  hilly  coun¬ 
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try)  he  propofed  to  take  the  height  of  fome  of  their  higheft  hills; 
but  when  he  attempted  it,  he  found  his  obfervation  fo  much 
difturbed  by  refraCtion,  '  that  he  could  come  to  no  certainty. 
Having  meafured  one  hill,  of  a  confiderable  height,  in  a  clear 
day,  and  obferved  the  mercury  at  the  bottom  and  at  the  top,  he 
found,  according  to  that  eflimation,  that  about  90  feet,  or  more, 
were  required  to  make  the  mercury  fall  -fo-  of  an  inch  ;  but  af¬ 
terwards,  repeating  the  experiment  on  a  cloudy  day,  when  the 
air  was  rather  grofs  and  hazy,  he  found  the  fmall  angles  fo  much 
increafed  by  refraction,  as  to  make  the  hill  much  higher  than 
before.  He  afterwards  frequently  made  obfervations  at  his  own 
houfe,  by  pointing  a  quadrant  to  the  tops  of  fome  neighbouring 
hills,  and  obferved  that  they  would  appear  higher  in  the  morn¬ 
ing  before  fun  rife,  and  alfo  late  in  the  evening,  than  at  noon,  in 
a  clear  day,  by  feveral  minutes.  In  one  cafe  the  elevations  of 
the  fame  hill  differed  more  than  30  minutes.  From  this  he  in¬ 
fers  that  obfervations  made  on  very  high  hills,  efpecially  when 
viewed  at  a  diftance,  and  under  fmall  angles,  as  they  generally 
are,  are  probably  uncertain,  and  not  much  to  be  depended  upon.* 
M.  Euler  confidered  with  great  accuracy  the  refractive  power 
of  the  atmofphere,  as  affeCted  by  different  degrees  of  heat  and 
elafticity,  in  which  he  fhews  that  its  refractive  power,  to  a  con- 
fiderable  diftance  from  the  zenith,  is  fufficiently  near  the  propor¬ 
tion  of  the  tangent  of  that  diftance,  and  that  the  law  of  refraction 
follows  the  direCt  ratio  of  the  height  of  the  barometer,  and  the 
inverfe  ratio  of  the  difference  marked  by  the  thermometer ;  but 
when  ftars  are  in  the  horizon,  the  changes  are  in  a  ratio  fome- 
what  greater  than  this,  more  efpecially  on  account  of  the  varia¬ 
tion  in  the  heat.  § 

*  Phil.  Tranf.  ab.  Vol.  6,  p.  161.  §  Ac.  Berlin,  1754,  p.  132,  138. 
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As  a  chief  caufe  of  the  twinkling  of  the  ftars  is  now  generally 
acknowledged  to  be  the  unequal  refradtion  of  light,  in  confe- 
quence  of  inequalities  and  undulations  in  the  atmofphere,  I 
fhall  conclude  this  fedtion  with  reciting  fuch  obfervations  as  I 
have  met  with  concerning  this  fubjedt. 

Mr.  Michell  fuppofes  that  the  arrival  of  fewer  or  more  rays 
at  one  time,  efpecially  from  the  fmaller,  or  the  more  remote 
fixed  ftars,  may  make  fuch  an  unequal  impreftion  upon  the  eye, 
as  may,  at  leaft,  have  fome  fhare  in  producing  this  effedt ;  lince  it 
may  be  fuppofed  that  even  afingle  particle  of  light  is  fufficient  to 
make  a  fenfible  impreftion  upon  the  organs  of  fight  ;  fo  that 
very  few  particles  arriving  at  the  eye  in  a  lecond  of  time,  per¬ 
haps  not  more  than  three  or  four,  may  be  fufficient  to  make  an 
objedt  conftantly  vilible.  For  though  the  impreftion  may  be 
confidered  as  momentary,  yet  the  perception  occafioned  by  it  is 
of  fome  duration.  Hence,  he  fays,  it  is  not  improbable,  that 
the  number  of  the  particles  of  light  which  enter  the  eye  in  a 
fecond  of  time,  even  from  Sirius  himfelf,  (the  light  of  which 
does  not  exceed  that  of  the  fmalleft  vifible  fixed  ftar,  in  a  greater 
proportion  than  that  of  about  1000  to  i)  may  not  exceed  three 
or  four  thoufand,  and  from  ftars  of  the  fecond  magnitude  they 
may,  therefore,  probably,  not  exceed  an  hundred.  Now  the 
apparent  increafe  and  diminution  of  the  light,  which  we  obferve 
in  the  twinkling  of  the  ftars,  feems  to  be  repeated  at  not  very  un¬ 
equal  intervals,  perhaps  about  four  or  five  times  in  a  fecond. 
He,  therefore,  thought  it  reafonable  to  fuppofe  that  the  inequa¬ 
lities  which  will  naturally  arife  from  the  chance  of  the  rays  com¬ 
ing  fometimes  a  little  denfer,  and  fometimes  a  little  rarer,  in  fo 
fmall  a  number  of  them,  as  muft  fall  upon  the  eye  in  the  fourth 
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or  fifth  part  of  a  fecond,  may  be  fufficient  to  account  for  this 
appearance.  An  addition  of  two  or  three  particles  of  light,  or 
perhaps  a  fingle  one,  upon  twenty,  efpecially  if  there  fhould  be 
an  equal  deficiency  out  of  the  next  twenty,  would,  he  fuppofed, 
be  very  fenfible,  as  he  thought  was  probable  from  the  very  great 
difference  in  the  appearance  of  ftars,  the  light  of  which  does  not 
differ  fo  much  as  is  commonly  imagined.  The  light  of  the 
middlemoft  ftar  in  the  tail  of  the  great  bear  does  not,  he  thinks, 
exceed  the  light  of  the  very  fmall  ftar  that  is  next  to  it  in  a  greater 
proportion  than  that  of  about  fixteen  or  twenty  to  one,  and  M. 
Bouguer  found  that  a  difference  in  the  light  of  objects  of  one 
part  in  fixty-fix  was  fufficiently  diftinguifhable. 

It  will  perhaps,  he  fays,  be  objected,  that  the  rays  coming 
from  Sirius  are  too  numerous  to  admit  of  a  fufficient  inequality 
arifing  from  the  common  effedt  of  chance,  fo  frequently  as  would 
be  neceffary  to  produce  this  effedt,  whatever  might  happen  with 
refpedt  to  the  fmaller  ftars ;  but  he  obferves  that,  till  we  know 
what  inequality  is  neceffary  to  produce  this  effedt,  we  can  only 
guefs  at  it  one  way  or  the  other.  * 

Since  thefe  obfervations  were  published,  Mr.  Michell  has  en¬ 
tertained  fome  fufpicion  that  the  unequal  denfity  of  light  does 
not  contribute  to  this  effedt  in  fo  great  a  degree  as  he  had  ima¬ 
gined,  efpecially  in  confequence  of  obferving  that  even  Venus 
does  fometimes  twinkle.  This  he  once  obferved  her  to  do  re¬ 
markably  when  fhe  was  about  6  degrees  high,  though  Jupiter, 
which  was  then  about  1 6  degrees  high,  and  was  fenfibly  lefs 
luminous,  did  not  twinkle  at  all.  If,  notwithftanding  the  great 
number  of  rays,  which,  no  doubt,  come  to  the  eye  from  fuch  a 


*  Phil.  Tranf.  Vol.  57,  p.  262. 
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furface  as  this  planet  prefents,  its  appearance  be  liable  to  be  af¬ 
fected  in  this  manner,  it  muft  be  owing  to  fuch  undulations  in 
the  atmofphere,  as  will  probably  render  the  eflfeCt  of  every  other 
caufe  altogether  infenfible.  The  conjecture,  however,  has  fo 
much  probability  in  it  that  it  well  deferved  to  be  recited. 

M.  Mufchenbroek  fufpeCts  that  the  twinkling  of  the  ftars 
arifes  from  fome  affeCtion  of  the  eye,  as  well  as  the  date  of  the 
atmofphere.  For  he  fays  that  in  Holland,  when  the  weather  is 
frofty,  and  the  Iky  very  clear,  the  flars  twinkle  moft  manifeftly 
to  the  naked  eye,  though  not  in  telefcopes,  and  fince  he  does  not 
fuppofe  that  there  is  any  great  exhalation,  or  dancing  of  the  va¬ 
pour  at  that  time,  he  queftions  whether  the  vivacity  of  the  light 
^8b£Hng  the  eye  may  not  be  concerned  in  the  phenomenon. 

Eut  this  philofopher  might  very  eafily  have  fatisfied  himfelf 
with  refpeCt  to  this  hypothecs  by  looking  at  the  ftars  near  the 
Zenith,  when  the  light  traverfes  but  a  fmall  part  of  the  atmof¬ 
phere,  and  therefore  might  be  expeCted  to  affeCt  the  eye  the  mod: 
fenfibly.  For  he  would  not  have  perceived  them  to  twinkle  near 
fo  much,  as  they  do  nearer  the  horizon,  when  much  more  of 
their  light  is  intercepted  by  the  atmofphere. 

To  fhew  my  reader  that  every  random  conjecture,  for  the  folu- 
tion  of  natural  appearances,  has  not  been  confined  to  the  early 
periods  of  my  hiftory,  I  fhall  obferve  that  fome  aftronomers  have 
lately  endeavoured  to  explain  the  twinkling  of  the  fixed  ftars  by 
the  extreme  minutenefs  of  their  apparent  diameter ;  fo  that  they 
fuppofe  the  fight  of  them  is  intercepted  by  every  mote  that  floates 
in  the  air  ;  but  Mr.  Michell  obferves  that  no  objeCt  can  hide  a 
ftar  from  us  that  is  not  large  enough  to  exceed  the  apparent 

#  Introduftio,  Vol,  z,  p.  707. 
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diameter  of  the  liar,  by  the  diameter  of  the  pupil  of  the  eye ;  fo 
that  if  a  liar  was  a  mathematical  point,  the  interpofing  object 
mull  llill  be  equal  in  fize  to  the  pupil  of  the  eye.  *  I  would 
add,  that  it  mull  be  large  enough  to  hide  the  liar  from  both  eye$ 
at  the  fame  time. 

Befides  a  variation  in  the  quantity  of  light,  a  momentary 
change  of  colour  has  likewife  been  obl'erved  in  fome  of  the  fixed 
liars.  Mr.  Melville  fays  that,  when  one  looks  ftedfaftly  at  Si¬ 
rius,  or  any  bright  liar,  not  much  elevated  above  the  horizon, 
its  colour  feems  not  to  be  conftantly  white,  but  appears  tinctur¬ 
ed,  at  every  twinkling,  with  red  and  blue.§  This  obfervation 
Mr.  Melville  puts  among  his  queries ,  with  refpedt  to  which  he 
could  not  intirely  fatisfy  himfelf,  and  he  obferves  that  the  repa¬ 
ration  of  the  colours  by  the  refradive  power  of  the  atmofphere 
is,  probably,  too  fmall  to  be  perceived.  But  the  fuppofition  of 
Mr.  Michell  above  mentioned,  will  pretty  well  account  for  this 
circumftance,  though  it  may  be  thought  inadequate  to  the  for¬ 
mer  cafe.  For  the  red  and  blue  rays  being  much  fewer  than 
thofe  of  the  intermediate  colours,  and  therefore  much  more  li¬ 
able  to  inequalities,  from  the  common  eftedl  of  chance,  a  fmall 
excefs  or  defedt  in  either  of  them  will  make  a  very  fenfible  dif¬ 
ference  in  the  colour  of  the  liars. -f- 

•  Introduftio,  Vol.  2,  p.  262.  §  Edinburgh  Eflays,  VoJ.  2,  p.  81. 
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SECTION  V. 


Observations  relating  to  the  COLOURS  OF  THIN 

PLATES,  AND  OTHERS  SIMILAR  TO  THEM. 


rr^HERE  are  no  optical  experiments  with  which  Sir  Ifaac 
JL  Newton  feems  to  have  taken  more  pains  than  thofe  re¬ 
lating  to  the  rings  of  colours  which  appear  in  thin  plates  ;  and  in 
all  his  obfervations  and  inveftigations  concerning  them,  he  dif- 
covers  the  greateft  fagacity,  both  as  a  philofopher  and  mathema¬ 
tician  ;  and  yet  in  no  fubjed  to  which  he  gave  his  attention  does 
he  feem  to  have  overlooked  more  important  circumftances  in  the 
appearances  he  obferved,  or  to  have  been  more  miftaken  with 
refpedl  to  their  caufes.  The  latter  has,  I  prefume,  in  fome 
meafure,  been  made  to  appear  already  in  the  remarks  on  his  hy¬ 
pothecs  of  the  fts  of  eafy  reflexion  and  tranfmiflion ,  and  the  for¬ 
mer  will  be  evident  from  the  obfervations  of  thofe  who  Succeed  - 
ed  him  in  thefe  inquires,  particularly  thofe  of  the  Abbe  Mazeas, 
to  whom  we  are  indebted  for  a  paper  upon  this  Subject,  firft  pub¬ 
lished  in  the  Berlin  Memoirs  for  1752,  and  afterwards  more 
corre&ly,  and  with  enlargements  in  the  Memoires  Prefentes> 
Vol. 
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This  Gentleman,  endeavouring  to  give  -a  very  high  polifli  to 
the  flat  flde  of  an  objed  glafs,  happened  to  be  rubbing  it  againft 
another  piece  of  flat  and  fmooth  glafs,  when  he  was  furprized  to 
find  that,  after  this  fridion,  they  adhered  very  firmly  together, 
till,  at  laft,  he  could  not  move  the  one  upon  the  other.  But  he 
was  much  more  furprized  to  obferve  the  fame  colours  between 
thefe  plane  glafles  that  Newton  obferved  between  the  convex 
object  glafs  of  a  telefcope,  and  another  that  was  plane.  Thefe 
colours  between  the  plane  glafles,  the  Abbe  obferves,  were  in 
proportion  to  their  adhefion.  * 

The  refemblance  between  thefe  colours  and  thofe  of  Newton 
induced  him  to  give  a  very  particular  attention  to  them,  and  his 
oblervations  and  experiments  relating  to  them  are  fuch  as  I  think 
it  my  duty  to  lay  them  before  my  reader,  with  very  little  a- 
bridgement.  ■  ;  > 

If  the  furfaces  of  the  pieces  of  glafs  be  tranfparent,  and  well 
polilhed,  fuch  as  are  ufed  for  mirrors,  and  the  preflure  be  as  - 
equal  as  poflible  on  every  part  of  the  two  furfaces,  a  refinance,  he 
fays,  will  foon  be  perceived,  when  one  of  them  is  made  to  Aide  over  • 
the  other,  fometimes  towards  the  middle,  and  fometimes  towards 
the  edges  ;  but  wherever  the  refiftance  is  felt,  two  or  three  very 
fine  curve  lines  will  be  perceived,  fome  of  a  pale  red,  and  others 
of  a  faint  green.  Continuing  the  fridion,  thefe  red  and  green 
lines  increafe  in  number  at  the  place  of  contad,  the  colours  be¬ 
ing  fometimes  mixed  without  any  order,  and  fometimes  difpoled 
in  a  regular  manner.  In  the  laft  cafe,  the  coloured  lines  are  ge¬ 
nerally  concentric  circles,  or  ellipfes,  or  rather  ovals,  more  or 

*  Memoires  Prefentes,  Vol.  2,  p.  zS. 
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lefs  elongated,  as  the  furfaces  are  more  or  lefs  united.  Thefe 
figures  will  not  fail  to  appear  if  the  glades  be  well  wiped,  and 
warmed  before  the  friction. 

When  the  colours  are  formed,  the  glades  adhere  with  confi- 
derable  force,  and  would  always  continue  fo,  without  any  change 
in  the  colours.  In  the  center  of  all  thefe  ovals,  the  longer  dia¬ 
meter  of  which  generally  exceeds  ten  lines,  there  appears  a  fmall 
plate,  of  the  fame  figure,  exa&ly  like  a  plate  of  gold,  interpofed 
between  the  glades  and  in  the  center  of  it  there  is  often  a  dark 
fpot,  which  abforbs  all  the  rays  of  light,  except  the  violet  5  for 
this  colour  appears  very  vivid  through  a  prifm. 

If  the  glades  be  feparated  fuddenly,  either  by  hiding  them 
horizontally  over  one  another,  or  by  the  adtion  of  fire,  as  will  be 
explained  hereafter,  the  colours  will  appear  immediately  upon 
their  being  put  together,  without  the  lead:  fridtion. 

Beginning  by  the  flighted:  touch,  and  increafing  the  prefiure 
by  infenfible  degrees,  there  firffc  appears  an  oval  plate  of  a  faint  red, 
and  in  the  center  of  it  a  fpot  of  light  green,  which  enlarges  by 
the  preflTure,  and  becomes  a  green  oval,  with  a  red  fpot  in  the 
center  ;  and  this,  enlarging  in  its  turn,  difcovers  a  green  fpot  in 
its  center.  Thus  the  red  and  the  green  fucceed  one  another  in 
turns,  afluming  different  fhades,  and  having  other  colours  mixed 
with  them,  which  will  be  diftinguiflbed  prefently.  : 

The  greateft  difference  between  thefe  colours  exhibited  be^ 
tween  plane  furfaces  and  thofe  by  curve  ones  is,  that,  in  the 
former  cafe,  preflure  alone  will  not  produce  them,  except  in  the 
cafe  above  mentioned.  With  whatever  force  he  comprefied 
them,  his  attempts  to  produce  the  colours  were  in  vain,  with¬ 
out  previous  fridtion.  But  the  reafon  of  this  plainly  was,  that 
without  Aiding  one  of  the  glafies  over  the  other,  they  could  not 
he  brought  to  approach  near  enough  for  the  purpofe.  Hav- 
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Having  made  thefe  obfervations  with  plates  of  glafs,  the  fides 
of  which  were  parallel,  or  nearly  fo,  he  got  two  prifms ,  with 
very  fmall  refracting  angles  ;  and  rubbing  them  together,  when 
they  were  fo  joined  as  to  make  a  parallelopiped,  the  colours  ap¬ 
peared  with  a  furprifing  luflre  at  the  places  of  contact,  owing, 
he  did  not  doubt,  to  the  feparation  of  the  rays  of  light  by  the 
prifm.  In  this  cafe  differently  coloured  ovals  appeared,  but  the 
plate  of  gold  in  them  was  much  whiter,  and  was  yellow  only  at 
its  edges.  This  plate,  having  a  black  fpot  in  its  center,  was  bor¬ 
dered  by  a  deep  purple.  He  could  not  perceive  any  violet  by  his 
naked  eye,  but  it  might  be  perceived  by  the  help  of  a  lens,  with 
a  weak  light.  It  appeared  in  a  very  fmall  quantity  at  the  con¬ 
fines  of  the  purple  and  the  blue,  and  feemed  to  him  to  be  on¬ 
ly  a  mixture  of  thofe  two  colours.  It  wras  very  vifible  in  each 
of  the  coloured  rings,  by  inclining  the  glaffes  to  the  light  of 
the  moon.  Next  to  the  purple  and  violet  appeared  blue,  orange, 
red  tinged  with  purple,  light  green,  and  faint  purple.  The  o- 
ther  rings  appeared  to  the  naked  eye  to  confift  of  nothing  but 
faint  reds  and  greens,  and  they  were  fo  fhaded,  that  it  was  not 
eafy  to  mark  their  terminations. 

Our  author  obferved  that  thefe  colours,  notwithftanding  their 
luftre,  were  not  primitive  ones,  that  is,  fuch  as  were  feparated 
by  the  prifm.  That  he  might  obferve  the  order  of  their  colours, 
he  fuddenly  feparated  the  two  prifms,  and  after  joining  them  a- 
gain  by  fimple  apportion,  he  raifed  the  upper  glafs  very  gently, 
as  Newton  did  with  his  objeCt  glaffes,  one  of  which  was  piano 
convex,  belonging  to  a  telefcope  of  14  feet,  and  the  other  con¬ 
vex  on  both  fides,  belonging  to  a  telefcope  of  50  feet. 

♦  ;  ni  t  '»T7;  ;ff?*  J?;  \ij  fT  >1  ;\31  jffl  U jH  21*  f'/37  tf!o 
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That  the  order  of  thefe  Colours  may  be  compared  with  thofe 
of  Newton,  he  gives  a  view  of  both  in  the  following  table. 


Order  of  the  colours  of  the  Order  of  the  colours  in  New- 
plane  glades.  ton’s  object  glades. 


Order  i . 

Black  fpot  Black 

Whitifh  oval  Blue 

Yellow  border  White 

Deep  purple  Yellow 

Red 

Order  2. 

rjrirft 

Blue  Violet 

Orange  Blue 

Purple  Green 

Yellow 

Red 

*  1  A! 

Order  3. 

Greenifh  blue  Purple 

Yellowifh  green  Blue 

Purpled  red  Green 

Y  ellow 

Red 

Order  4. 

. 

Green  Green 

Red  Red 

Order  5. 

Faint  green  Greenifh  blue 

Faint  red  Red 

Order  6. 

Weak  green  Greenifh  blue 

Light  red  Red 

Order  7. 

•  <  *  £  •  - 

Very  faint  green  Greenifh  blue 

Very  faint  red  Pale  red 

When  thefe  coloured  glades  were  fufpended  over  the  dame  of 
a  candle,  the  colours  difappeared  fuddenly,  though  they  dill  ad¬ 
hered 
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hered  to  one  another,  when  they  were  parallel  to  the  horizon. 
When  they  were  fuffered  to  cool,  the  colours  returned  by  de¬ 
grees  to  their  former  places,  in  the  order  of  the  preceding  table. 

After  this,  he  took  two  plates,  much  thicker  than  the  for¬ 
mer,  in  order  to  obferve  at  his  leifure  the  adtion  of  fire  upon  the 
matter  which  he  fuppofed  to  produce  the  colours,  andobfervedthat, 
as  they  grew  warm,  the  colours  retired  to  the  edges  of  the  glaf- 
fes,  and  there  became  narrower  and  narrower,  till  they  were  re¬ 
duced  to  imperceptible  lines.  Withdrawing  the  flame,  they  re¬ 
turned  to  their  place.  This  experiment  he  continued  till  the 
glafles  were  bent  by  the  violence  of  the  heat.  It  was  pleafant, 
he  fays,  to  obferve  thefe  colours  glide  over  the  furface  of  the 
glafs,  as  they  were  purfued  by  the  flame.  Thefe  changes  muft 
have  been  owing  to  the  glafles  fwelling,  and  the  diftance  between 
them  changing  by  the  heat; 

At  firfl:  the  Abbe  Mazeas  had  no  doubt  but  that  thefe  colours 
were  owing  to  a  thin  plate  of  air  between  the  glafles,  to  which 
Newton  has  afcribed  them ;  but  the  remarkable  difference  in 
the  circumftances  attending  thefe  produced  by  the  flat  plates,  and 
thofe  produced  by  the  objedt  glafles  of  Newton,  convinced  him 
that  the  air  was  not  the  caufe  of  this  appearance.  The  colours 
of  the  flat  plates  vanifhed  at  the  approach  of  flame,  but  thofe  of 
the  objedt  glafles  did  not.  He  even  heated  thefe  till  that  which 
was  next  the  flame  was  cracked  by  the  heat,  before  he  could  ob¬ 
ferve  the  leafl:  dilation  of  the  coloured  rings.  This  difference 
was  not  owing  to  the  plane  glafles  being  lefs  comprefied  than  the 
convex  ones  ;  for  though  the  former  were  comprefled  ever  fo 
much  by  a  pair  of  forceps,  it  did  not  in  the  leafl;  hinder  the  ef¬ 
fect  of  the  flame. 


Afterwards 
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Afterwards,  he  put  both  the  plane  glades  and  the  convex  ones 
into  the  receiver  of  an  air  pump,  fufpending  the  former  by  a 
thread,  and  keeping  the  latter  comprelfed  by  two  firings  ;  but 
he  observed  no  change  in  the  colours  of  either  of  them,  in  the 
mod;  perfect  vacuum  that  he  could  make. 

Notwithflanding  thefe  experiments  feemed  to  be  concludve  a- 
gaind  the  hypothecs  of  thefe  colours  being  caufed  by  a  plate  of 
air,  the  Abbe  frankly  acknowledges,  that  the  air  may  adhere  fo 
obflinately  to  the  furface  of  the  glades,  as  not  to  be  feparated 
from  them  by  the  force  of  the  pump  ;  which,  indeed,  is  agree¬ 
able  to  other  appearances,  but  the  following  experiments  of  our 
author  make  it  dill  more  improbable  that  the  air  fhould  be  the 
caufe  of  thefe  colours. 

To  try  the  utmod  ededl  of  heat  upon  thefe  coloured  plates, 
after  warming  them  gradually,  he  laid  them  on  burning  coals  ; 
but  though  they  were  nearly  red,  yet  when  he  rubbed  them  to¬ 
gether  by  means  of  a  rod  of  iron,  he  obferved  the  fame  coloured 
circles  and  ovals  as  before.  When  he  ceafed  to  prefs  upon  them, 
the  colours  feemed  to  vanidi ;  but  when  he  repeated  the  fridtion 
they  returned,  and  continued  till  the  pieces  of  glafs  began  to  be 
red  hot,  and  their  furfaces  to  be  united  by  thefulion. 

» 

When  the  outward  furface  of  one  of  his  plates  of  glafs  was 
quick-dlvered,  none  of  thefe  colours  were  vidble,  though  the 
glades  adhered  with  the  fame  force.  This  he  afcribed  to  the 
dronger  impredion  made  upon  the  eye  by  the  greater  quantity  of 
light  reflected  by  the  quick- diver. 

Judging,  from  the  refemblance  between  his  experiments  and 
thofe  of  Sir  Ifaac  Newton,  that  the  colours  were  owing  to  the 
thicknefs  of  fome  matter,  whatever  it  was,  interpofed  between 
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the  glaftes,  the  Abbe,  in  order  to  verify  the  hypothefis,  tried  the 
experiment  on  thicker  fubftances.  He  put  between  his  glaffes 
a  little  ball  of  fuet,  about  a  fourth  of  a  line  in  diameter,  and 
p  reded  it  between  the  two  furfaces,  warming  them  at  the  fame 
time,  in  order  to  difperfe  the  fuet ;  but,  though  he  rubbed  them 
together  as  before,  and  likewife  ufed  other  foft  fubftances  befides 
fuet,  his  endeavours  to  produce  the  colours  had  no  effedt.  But 
rubbing  them  with  more  violence  in  a  circular  manner,  he  was 
furprized,  on  looking  at  a  candle  through  them,  to  fee  it  fur- 
rounded  with  two  or  three  concentric  greens  very  broad,  and 
With  very  lively  and  delicate  colours,  namely,  a  red  inclining  to 
yellow,  and  a  green  like  that  of  an  emerald.  At  that  time  he 
obferved  only  thofe  two  colours,  but  continuing  the  fridtion,  the 
rings  affumed  the  ;  colours  of  blue,  yellow,  and  violet  5  efpeci- 
ally  when  he  looked  through  the  glades  on  bodies  diredtly  op- 
pofed  to  the  fun.  If,  after  having  rubbed  the  glades,  the  thick- 
nefs  was  confiderably  diminifhed,  the  colours  grew  weaker  by 
tranfmitted  light,  but  they  feemed  to  be  much  (Longer  by  re¬ 
flexion,  and  to  gain  on  one  fide  what  they  loft  on  the  other. 

Gur  author  was  confirmed  in  his  opinion  that  there  muft  be 
fome  error  in  Newton’s  hypothefis,  by  confidering  that,  accord¬ 
ing  to  his  meafures,  the  colours  of  the  plates  varied  with  the 
difference  of  a  millionth  part  of  an  inch,  whereas  he  was  fatisfied 
that  there  muft  have  been  much  greater  differences  in  the  diftance 
between  his  glaffes  when  the  colours  remained  unchanged/ 

If  the  colour  depended  upon  the  thicknefs  only,  he  thought 
that  the  matter  interpofed  between  the  glaffes  ought  to  have 
given  the  fame  colour,  when  it  was  reduced  to  a  thin  plate,  by 
fimple  fufion,  as  well  as  by  fridtion,  and  that,  in  rubbing  two 

plates 
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plates  together,  warming  them  at  different  times,  and  compref- 
fing  them  with  a  confiderable  force,  other  colours  would  have 
appeared  befides  thofe  obferved  before. 

Thcfe  circumflances  made  him  fufpedt  that  the  different  thick- 
neffes  of  the  fubftance  interpofed  between  the  glaffes  only  ferved 
to  make  it  more  or  lefs  tranfparent,  which  was  an  elfential  con¬ 
dition  in  the  experiment ;  and  he  imagined  that  the  fridtion  dif- 
fufed  over  the  furface  of  the  thin  fubftance  a  kind  of  matter,  on 
which  the  colours  are  formed  by  reflected  light ;  for  when  he 
held  the  plates  of  glafs  (which  gave  the  colours  when  the  fuet 
was  between  them)  over  the  flame  of  a  fmall  candle,  the  co¬ 
lours  fled  with  great  precipitation,  and  returned  to  their  place, 
without  his  being  able  to  perceive  the  leaft  alteration  in  the  fuet. 

He  was  confirmed  in  his  conjecture  by  frequently  obferving 
that  when  the  glaffes  were  feparated,  at  the  moment  that  the  co¬ 
lours  difappeared,  they  were  covered  with  the  fame  greafy  mat¬ 
ter,  and  that  it  feemed  to  be  in  the  very  fame  Rate  as  when  they 
were  feparated  without  warming.  Befides,  having  often  repeat¬ 
ed  the  fame  experiment  with  different  kinds  of  matter,  he  found 
that  the  degree  of  heat  that  difperfed  the  colours  was  not  always 
fufficient  to  melt  it ;  which  difference  was  more  fenfible,  in  pro¬ 
portion  as  the  matter  interpofed  was  made  thinner. 

Inftead  of  the  fuet,  he  fometimes  made  ufe  of  Spanifh  wax, 
refin,  common  wax,  and  the  fediment  of  urine.  He  began 
with  Spanifh  wax,  on  account  of  its  remarkable  tranfparency  in 
Mr.  Haukfbee’s  eledtrical  experiments ;  but  he  had  much  difficul¬ 
ty  in  making  it  fufficiently  thin  by  fridtion,  being  often  obliged 
to  warm  his  glades,  to  feize  the  moment  of  fufion,  which  con¬ 
tinued  but  a  fhort  time,  and  to  hazard  the  burning  of  his  fingers. 
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The  experiment  at  length  fucceeding,  the  Spanifh  wax  appeared 
with  its  opacity  and  natural  colour  when  it  reflected  the  light, 
but  they  both  difappeared  in  the  tranfmitted  light.  He  obferv- 
ed  the  fame  rings  in  it  as  in  the  fuet,  and  indeed  he  could  per¬ 
ceive  but  little  difference  between  the  colours  of  fuet,  Spanifh 
wax,  common  wax,  or  refin,  except  that  this  laft  fubffance  did 
not  make  the  colours  fo  vivid,  on  account  of  the  too  great  tranf- 
parency  of  its  particles. 

The  fediment  of  urine  had  fomething  more  particular  in  its 
appearance,  as  its  colours  were  more  lively.  Holding  it  above 
the  flame,  its  colours  difappeared  ;  and  keeping  it  in  that  fitua- 
tion,  there  were  formed  upon  its  furface  ramifications,  like  thofe 
of  the  hoar  froff,  which  difappeared  as  the  glaffes  grew  cold. 
There  were  the  fame  ramifications  both  upon  the  fuet  and  the 
wax,  but  they  were  not  fo  confiderable;  The  glaffes  which  had 
Spanifh  wax  and  refill  between  them  adhered  with  fo  much  force, 
that  they  could  not  be  feparated  without  the  help  of  fire;  and 
when  they  began  to  grow  warm,  they  feparated  with  a  noife 
like  that  of  a  glafs  breaking  in  the  fire,  though  the  glafles  were 
not  broken,  and  the  matter  between  them  was  not  melted. 

Separating  the  glaffes  which  he  firff  ufed  very  fuddenlv,  he 
obferved  upon  their  furface  very  thin  vapours,  which  formed 
different  colours,  but  prefently  vanifhed  all  together. 

To  try  the  effect  of  vapour,  he  breathed  upon  one  of  his  plates 
Qf  glafs,  and  obferved  that  the  vapours  which  adhered  to  the 
glaffes  fometimes  formed,  before  they  were  intirely  difperled,  a 
furprifing  variety  of  colours.  This  experiment,  he  obferves, 
does  not  always  fucceed  at  the  firff  trial.  The  glafs  muff  be 
breathed  upon  feveral  times,  and  care  muff  be  taken  to  wipe  it 
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every  time  with  ones  hand,  both  to  take  off  the  moifture,  which 
might  otherwife  detain  the  vapours,  and  alfo  to  make  upon  the 
glafs  a  kind  of  furrows  which  contribute  very  much  to  the  va7 
riety  of  colours,  by  making  inequalities  in  the  thickneffes  of  the 
vapours.  It  is  neceffary  alfo  that  the  glades  on  which  thefe  ex¬ 
periments  are  made  have  no  quick-filver  upon  them. 

When  the  particles  of  water  which  formed  this  vapour  were 
too  thick  to  exhibit  thefe  colours,  he  ffruck  them  feveral  times 
with  his  pencil,  in  order  to  attenuate  them  ;  and  then  he  faw  an 
infinity  of  fmall  coloured  threads,  which  fucceeded  one  ano¬ 
ther  with  great  rapidity. 

Putting  a  drop  of  water  between  two  pieces  of  common  glafs, 
he  obferved  that  the  compreffion  of  them  produced  no  colour ; 
but  if,  while  they  were  compreffed,  the  water  was  made  to  pafs 
from  one  place  to  another,  the  water  left  behind  it  large  fpots, 
red,  yellow,  green,  purple,  &c.  and  the  fpots  affumed  diffe¬ 
rent  colours  fuccefiively,  with  a  furp riling  rapidity,  and  prefent- 
ed  to  the  eye  a  moll;  beautiful  variety  of  lhades. 

In  order  to  determine  with  greater  certainty  whether  they 
were  vapours  that  caufed  the  colours  in  his  firft  obfervations,  he 
firft  breathed  upon  one  of  his  plates  of  glafs,  and  then  rubbed 
them  one  again!!:  another,  when  the  colours  appeared  in  the  fame 
order  as  before,  but  darker,  and  difperfed  in  confufion  in  the 
places  occupied  by  the  vapours  ;  but  when  he  made  ufe  of  fire 
to  difperfe  the  watery  particles,  the  colours  refumed  their  luftre. 

Newton,  having  introduced  a  drop  of  water  between  his  two 
objed  glaffes,  obferved  that,  in  proportion  as  the  water  infinuat- 
ed  itfelf  between  the  glaffes,  the  colours  grew  fainter,  and  the 
rings  were  contraded;  and  afcribing  thefe  colours  to  the  thick- 
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nefs  of  the  plate  of  water,  as  he  afcribed  the  former  to  the  thick- 
nefs  of  the  plate  of  air,  he  meafured  the  diameters  of  the  colour¬ 
ed  rings  made  by  the  plate  of  water,  and  concluded  that  the  in¬ 
tervals  between  the  glades  at  the  fimilar  rings  of  thefe  two  me¬ 
diums  were  nearly  as  three  to  four,  and  thence  he  inferred  that, 
in  all  cafes,  thefe  intervals  would  be  as  the  fines  of  the  refra&ion 
of  thofe  mediums. 

The  Abbe  Mazeas,  in  order  to  allure  himfelf  whether,  agree¬ 
ably  to  this  rule,  the  coloured  rings  of  his  glades  depended  up¬ 
on  the  thicknefs  of  the  water  only,  dipped  one  of  the  edges  of 
his  coloured  glades  in  a  vedel  of  water,  having  taken  care  to  wipe 
and  warm  them  well  before  he  produced  the  colours  by  fri&ion. 
The  water  was  a  condderable  time  in  riling  as  high  as  the  glades, 
and  in  proportion  as  it  afcended,  he  perceived  a  very  thin  plate  of 
water,  which  feemed  to  pafs  over  the  matter  which  he  thought 
produced  the  colours,  without  mixing  with  it ;  for  beyond  this 
plate  of  water,  he  dill  perceived  the  colours  in  the  fame  place 
and  order,  but  deeper  and  darker ;  and  holding  the  glades  a- 
bove  the  dame  of  a  candle,  he  faw  the  colours  go  and  come  fe- 
veral  times  as  he  moved  them  nearer  to,  or  farther  from  the  dame. 
He  then  moidened  both  the  glades  more  than  before,  and  rub¬ 
bing  them  as  ufual,  he  always  faw  the  fame  appearance,  and 
feizing  the  moment  when  the  colours  had  difappeared,  to  fepa- 
rate  the  glades,  he  always  found  that  they  were  wet.  On  this 
account  he  thought  that  it  could  not  be  the  water  on  which  the 
colour  depended,  but  fome  fubdance  much  more  fendble  to  heat. 
He  alfo  thought  that  thefe  coloured  rings  could  not  be  owing  to 
the  compredion  of  the  glades,  or  that,  if  this  Circumdance  did 
contribute  any  thing  to  them,  it  ferved  rather  to  modify  than  to 
generate  them, 
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Our  author  concludes  his  ingenious  paper  with  great  propriety 
and  modefty,  faying  that  he  does  not  conlider  the  inductions  he 
has  drawn  from  his  experiments  as  any  more  than  conjectures, 
and  that  the  theory  of  light  thus  reflected  from  thin  plates  is  too 
delicate  a  fubjedt  to  be  compleatly  afcertained  by  a  fmall  number 
of  obfervations.  * 

M.  Du  Tour  gave  particular  attention  to  the  preceding  obfer- 
va*ions  of  Abbe  Mazeas.  He  repeated  the  experiments  with 
fome  variation  of  circumflances,  particularly  comparing  them 
with  thofe  of  Sir  Ifaac  Newton,  and  adding  fome  obfervations  of 
his  own. 

He  is  fo  far  from  fuppofing  that  a  plate  of  air  is  neceflary  to 
the  appearance  of  thefe  coloured  rings,  that  he  thinks  the  reafon 
of  their  not  appearing  between  the  flat  plates  of  glafs  is  the  ad¬ 
hering  of  the  air  to  their  furfaces,  and  that  mere  preffure  is  not 
fufficient  to  expel  it,  except,  as  the  Abbe  Mazeas  obferved,  the 
rings  had  before  been  made  in  the  fame  place,  in  which  cafe, 
fimple  apportion,  without  friction,  is  fufficient;  the  air,  probably, 
not  having  had  time  to  apply  itfelf  fo  clofely  to  the  furface  of 
the  glafs.  The  contact  of  fome  other  fubflances,  M.  Du  Tour 
obferves,  is  not  fo  prejudicial  in  this  experiment  as  that  of  air ;  for 
he  found  that,  if  he  only  gave  the  plates  a  flight  coating  of  any  kind 
of  greafe,  the  rings  would  appear  without  fridtion.  Alfo,  dipping 
them  llightly  in  water,  or  wiping  them  with  his  finger,  would 
anfwer  the  fame  purpofe.’f*  Upon  this  I  would  obferve  that  the 
greafe  and  other  fubflances  being  interpofed  between  the  glafles 
may  bring>  their  own  powers  of  attraction  and  repulfion  in  the 
place  of  thofe  of  the  glafs,  and  thefe  may  be  more  ealily  over- 

#  Memoires  Prefentes,  Vol.  2,  p.  43.  f  lb.  Vol.  4,  p.  288. 
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come.  When  water,  or  any  fubftance,  is  put  between  the  glafles, 
the  width  of  the  rings  mud;  depend  upon  the  difference  between 
the  intervals  of  the  fphere  of  attraction  and  repulfion  belonging 
to  both  fubftances. 

M.  Du  Tour  verified  his  conjecture  by  means  of  the  air  pump  ; 
for  dipping  two  pieces  of  glafs  in  water,  one  of  which  had  been 
wiped,  and  the  other  not,  the  former  appeared  to  have  no  bub¬ 
bles  adhering  to  it,  when  the  air  was  exhaufted,  whereas  the 
other  had. 

When  one  of  the  glafles  is  convex,  our  author  obferves,  that 
the  particles  of  air  may  more  eafily  make  their  efcape  by  preffure 
only;  whereas  their  retreat  is  in  a  manner  cut  off  when  they  are 
compreffed  between  two  flat  furfaces.  The  air  pump,  he  found. 
Was  not  able  to  detach  thefe  particles  of  air  from  the  furfaces  to 
which  they  adhere ;  leaving  thefe  flat  plates  for  a  confiderable 
time  in  an  exhaufted  receiver  was  not  fufficient  to  prepare  them 
for  the  experiment,  fo  well  as  wiping  them.  * 

M.  Du  Tour  made  many  other  obfervations  on  this  fubjeCt, 
but  hardly  any  of  them  are  original,  or  of  much  value.  If  the 
flat  glaffes  be  obferved  by  light  tranftnitted  through  them,  the 
rings,  he  fays,  appear  to  be  very  faintly  coloured.  If  light  fe- 
parated  by  a  prifm  be  thrown  upon  the  coloured  flat  plates,  and 
afterwards  reflected  upon  a  piece  of  pafteboard,  the  white  and  the 
red  rings  will  appear  very  bright ;  whereas  the  green  and  the 
blue,  as  well  as  the  dark  fpot,  will  be  very  faint,  and  this  will 
be  the  cafe  whatever  feparate  rays  be  thrown  upon  them.  If 
the  coloured  light  be  tranftnitted  through  them,  the  rings  that 
appeared  red  by  reflected  light,  were  fufficiently  diftinCt;  but 


*  Memoir es  Prefen tes,  Vol.  4,  p.  289. 
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thofe  which  exhibited  the  fainter  colours  were  not  near  fo  well 
defined  as  in  the  former  obfervations.  • 

This  Gentleman  had  a  very  good  contrivance  to  throw  light 
upon  the  coloured  plates  at  any  given  angle  ;  and  wjien  no  light 
fell  upon  them  but  in  a  certain  angle,  the  colours  were  only  via¬ 
ble  in  an  angle  of  reflexion  equal  to  that  of  incidence;  fo  that 
the  rays  that  formed  them  are  parallel  to  one  another,  having 
no  divergence  after  reflexion ;  but  they  were  vifible  in  every  an¬ 
gle  of  incidence,  though  the  colour  of  the  fame  place  changed 
with  the  angle. 

The  following  obfervations -of  M.  Mufchenbroeck,  upon  this 
fubjedt  of  the  colours  of  thin  plates,  well  deferve  to  be  attended 
to,  as  they  clearly  fhew  that  this  remarkable  appearance  dobs 
not  depend  upon  the  air.  If  a  little  wrater  was  put  betwixt  the 
telefcopic  lenfes,  when  the  coloured  rings  appeared  between  them, 
the  outermoft  difappeared,  the  reft  fhrunk  into  a  narrower  fpace, 
but  by  varying  the  preffure  of  the  lenfes,  more  rings  made  their 
appearance  in  various  places,  but  the  colours  Were  not  very  dis¬ 
cernible  ;  becaufe,  being  formed  in  the  water,  the  refradlion  of 
the  rays  bluing  from  the  glafs,  he  fays  is,  lefs  than  from  glafs  into 
air.  Alfo  the  water  being  very  ftrongly  attradled  by  the  glafs  is 
often  the  reafon  why  the  plate  is  too  thick  for  the  rings  to  ap¬ 
pear  in  it.  But  he  fays  if  a  large  drop  of  fpirit  of  wine  be  firft 
laid  upon  one  of  the  lenfes,  and  then  the  other  placed  upon  it, 
that  when  they  are  ftrongly  preffed  on  both  fides  with  two  fin¬ 
gers,  fo  that  the  drop  is  much  dilated,  and  the  lenfes  held  obliquely 
with  relpedt  to  the  horizon,  the  preffure  of  the  upper  fingers  being 
relaxed,  and  that  of  the  lower  increafed  ;  then  the  fpirit  being 
ftrongly  attracted  to  the  place  where*  the  interval  between  the 
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glafles  is  the  fmalleft,  and  defcending,  but  not  entirely  leaving  the 
furfaces,  which  it  had  before  moiftened,  will  leave  many  broad 
coloured  rings,  three  inches  in  diameter.  Of  thefe  rings  there  was 
not  the  lead:  trace  when  the  drop  was  in  the  middle  place  between 
the  lenfes  j  but  by  varying  the  preffure  of  the  upper  and  lower  fin¬ 
gers,  by  which  the  intervals  between  the  lenfes  were  fometimes 
larger  and  fometimes  lefs,  more  rings  came  in  view.  Similar 
broad  coloured  rings,  he  fays,  arife,  if  a  lixivium,  of  black  foap  be 
poured  between  the  upper  edges  of  the  lenfes,  and  then,  when 
it  has  arrived  at  the  middle  place,  the  glades  be  prefied  alternately 
by  the  upper  and  lower  fingers.  For  where  the  lenfes  are  fartheft 
afunder,  the  lixivium  adhering  to  the  furfaces,  the  rings  appear, 
while  the  reft  of  the  lixivium  is  flowing  to  the  place  where  the 
preffure  is  the  greateft. 

It  fometimes  happens  that  when  the  lenfes  belong  to  tele- 
fcopes,  of  an  hundred  feet  in  length,  which  have  lain  long  dry, 
and  one  upon  another,  the  coloured  rings  will  not  appear 3  but 
if  they  be  well  wafhed  with  fpirit  of  wine,  and  then  wiped  with 
a  linen  cloth,  the  colours  immediately  appear  in  the  place  of 
contact.  That  the  coloured  rings  did  not  appear  without  this 
waffling  and  wiping,  M.  Mufchenbroeck  imagined  to  arife  from 
feme  impurities  in  the  atmofphere,  which,  in  length  of  time, 
adhere  to  the  furface  of  the  glafs  •,  partly  becaufe  the  falts  which 
are  ufed  in  the  compofition  of  the  glafs  eftlorefce  a  little,  and 
make  fpecks,  which  can  only  be  difeovered  by  a  very  dole  atten¬ 
tion.  On  this  account  the  furfaces  of  the  two  glafies  have  a  co¬ 
vering,  which  keeps  them  too  far  afunder  for  the  appearance  of 
thefe  colours.  *  As  to  the  caufe  of  thefe  coloured  rin<rs,  he  ac- 
knowledges,  that  he  could  not  fatisfy  himfelf  about  it.-jr 

*  Memoires  Prefentes,  Vol.  4,  p.  724.  f  Introdu&io,  p.  73S. 
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Mr.  Melville'queries  whether  it  be  not  poflible  to  prove  by  ex¬ 
periment,  what  Sir  Ifaac  Newton  takes  for  granted  as  a  reafonable 
fuppofition,  that  thin  tranfparent  plates  of  any  uniform  colour, 
divided  into  fmaller  fragments,  would  compofe  a  powder  of  like 
colour.  Would  not  this  tend,  he  fays,  to  ftrengthen  the  analogy 
between  the  colours  of  fuch  plates,  and  thofe  of  natural  bodies. 
For  this  purpofe  he  tried  to  freeze  foap  bubbles,  but  could  never 
make  any  Hand,  till  they  were  turned  to  ice,  except  fuch  as  were 
too  thick  to  have  lively  colours.  However  he  did  not  doubt  but 
that  with  due  care,  the  thing  might  be  done,  efpecially  if  the 
foap  water,  inftead  of  being  blown  with  a  pipe  into  bubbles,  was 
drawn  out  into  a  thin  plate  upon  any  wooden  or  metalline  frame ; 
for  the  tides  of  a  plane  furface,  bearing  a  greater  proportion  to 
its  area  than  a  bafe  of  the  fpherical  fegment  to  its  furface,  the  froft 
would  be  fooner  communicated  to  the  whole  water  in  the  for¬ 
mer  cafe  than  in  the  latter.  There  is  this  advantage  too,  he  ob- 
ferves,  in  ufing  the  plane  furface  of  foap  water,  that  before  it  freezes 
the  obferver  may  draw  out  any  particular  colour,  or  feries  of  co¬ 
lours,  which  he  chufes,  to  a  greater  breadth,  by  ftroaking  it  along 
with  a  wet  finger.  For  this  reafon  amongft  others,  he  found  it  a 
more  convenient  fubjed  for  examining  the  various  orders  of  co¬ 
lours  than  fpherical  bubbles,  adhering  to  a  plane.  He  thought 
melted  refin  might  be  drawn  out  into  a  thin  coloured  plate  be¬ 
fore  it  hardens,  for  he  often  blew  it  into  bubbles  with  a  tobacco 
pipe,  till  it  became  coloured.  He  knew  no  other  ways  in  which 
the  various  orders  of  colours  could  be  preferved  for  deliberate  in- 
fpedion,  but  either  in  a  frozen  plate  of  water,  or  refin,  or  in  the 
permanent  fcor'ue  that  appear  on  heated  metals.  *  He  counted 

*  Perhaps  glafs  blown  fo  thin  as  to  exhibit  colours  might  have  anfwered  Mr.  Mel¬ 
ville’s  purpofe  better  than  any  thing  that  he  here  mentions. 
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on  the  tide  of  a  clean  polifhed  copper  tea  kettle  the  fix  foil  orders 
of  colours,  diftindtly  and  regularly  ranged,  in  the  fame  focceffion 
in  which  they,  appear  in  the  foap  bubbles,  the  foil  order  being 
formed  on  that  part  of  the  kettle  which  had  been  lead:  heated.* 

Has  not  gold,  he  fays,  been  reduced  by  beating  to  a  degree  of 
thinnefs  little  exceeding  that  which  muff  be  afcribed  to  its  colo¬ 
rific  parts,  according  to  Sir  Ifaac  Newton’s  theory;  but  how 
can  it  cohere  into  a  continuous  leaf,  fo  as  to  leave  no  vifible 
pores,  unlefs  there  be  many  of  its  component  particles  contained 
in  its  thicknefs.-f* 

Befides  the  obfervations  on  the  colours  of  thin  plates ,  it  has 
been  feen  that  Sir  Ifaac  Newton  imagined  he  could  account  for 
the  colours  exhibited  by  thick  plates,  in  fome  cafes,  in  a  fimilar 
manner,  particularly  in  thofe  curious  experiments,  in  which  he 
admitted  a  beam  of  light  through  a  hole  in  a  piece  of  pafleboard, 
and  obferved  the  rings  of  colours  reflected  back  upon  it,  by  a 
concave  glafs  mirror  of  an  equal  thicknefs  in  all  places.  Thefe 
experiments  were  refumed,  and  happily  purfued  by  the  Duke 
De  Chaulnes,  who  afcribed  thefe  colours  to  the  inflection  of 
light.  As  his  obfervations  on  this  fubjeCt  are  ingenious  and 
plauflble,  I  fhall  prefent  my  reader  with  an  account  of  them, 
and  efpecially  with  his  drawings,  as  they  may  alfo  be  of  ufe  in 
giving  a  clearer  idea  of  the  experiments  of  Newton  before  re^- 
cited,  and  which  he  did  not  illuflrate  in  this  manner. 

Chance  led  the  Duke  de  Chaulnes  to  obferve  that,  when  the 
nearer  furface  of  the  glafs  mirror  was  clouded,  by  breathing  up- 

*  Introdu&io,  p.  66.  f  Edinb.  Eflays,  Vol.  z,  p.  81.  This  obje&ion,  and 
the  dodtrine  of  it,  feem  to  be  fuperfeded  by  M.  Bofcovich’s  hypothecs  of  the  pene¬ 
trability  of  matter  explained  before. 
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on  it,  fo  as  lightly  to  tarnifh  it,  a  white,  diffufed,  and  vivid  light 
was  feen  upon  the  pafleboard,  and  all  the  colours  of  the  rings 
became  much  flronger  and  more  diftind.  This  appearance  he 
made  conflaftt  by  moiflening  the  furface  of  the  mirror  with  a  lit¬ 
tle  milk  and  water,  and  fuffering  it  to  dry  upon  it. 

In  all  his  experiments  upon  this  fubjed,  he  found  that  when 
the  rays  fell  converging  on  the  furface  of  the  mirror,  the  rings 
were  hardly  vifible  ;  when  they  fell  parallel  upon  it,  as  they  mull 
have  done  in  all  the  experiments  of  Newton,  they  appeared  fuf- 
ficiently  diflind ;  but  when,  by  means  of  a  convex  lens  placed 
in  the  hole  of  the  window,  they  were  made  to  diverge  from  the 
center  of  the  fphere  to  which  the  mirror  was  ground,  fo  that 
they  fell  perpendicularly  upon  the  furface  of  the  mirror,  the  co¬ 
lours  were  as  vivid  as  he  could  make  them.  In  this  cafe  he 
could  remove  the  refleded  image  to  a  great  diflance  from  the 
hole,  without  making  the  rings  difappear,  and  he  could  plainly 
perceive  them  to  arife  from  their  central  fpots,  which  changed 
their  colours  feveral  times. 

The  effed  of  tarnifhing  the  mirror  convinced  the  Duke  De 
Chaulnes  that  thefe  coloured  rings  depended  upon  the  firfl  fur¬ 
face  of  the  mirror,  and  that  the  fecond  furface,  or  that  which 
refleded  them,  after  they  had  paffed  the  firfl,  only  ferved  to  col¬ 
led  them,  and  throw  them  upon  the  pafleboard  in  a  quantity 
fufficient  to  make  them  vifible,  and  he  was  confirmed  in  his  fup- 
pofition  by  the  following  experiments. 

He  took  a  plano-convex  glafs,  of  fix  feet  focus,  and  placed 
it  lix  feet  from  the  pafleboard,  with  its  convex  fide  towards  it, 
as  in  fig.  109.  By  this  means  the  rays  which  fell  upon  that  fur- 
face,  after  being  refraded  there,  were  tranfmitted  through  the 
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thicknefs  of  the  glafs,  parallel  to  one  another,  and  fell  perpen¬ 
dicularly  upon  the  plane  furface  that  refleded  them,  and  in  their 
return  would  be  collected  upon  the  pafteboard.  In  thefe  cir- 
cumftances  the  rings  appeared  very  diftind,  after  he  had  tarnifti- 
ed  the  convex  furface,  which,  in  this  pofition,  was  next  to  the 
light. 

Turning  the  fame  glafs  the  contrary  way,  fo  that  the  plane 
furface  was  towards  the  pafteboard,  he  could  perceive  none  of 
the  rings,  at  the  fame  diftance  of  fix  feet ;  but  they  were  vifible 
at  the  diftance  of  three  feet,  becaufe,  at  that  diftance,  the  fe- 
cond  furface  reflected  the  rays,  by  its  concavity,  diredly  towards 
the  pafteboard,  as  in  fig.  no. 

Thefe  two  experiments  demonftrate  the  ufe  of  the  fecond  fur¬ 
face  of  the  mirror,  and  fhew  the  manner  of  placing  it  to  the  moft 
advantage.  Thofe  that  follow  fhew  the  ufe  of  the  firft  furface, 
with  refped  to  thefe  rings,  and  he  was  led  to  make  them  by  the 
cafual  obfervation  above  mentioned. 

Newton,  he  obferves,  had  remarked  that,  when  he  made  ufe 
of  a  mirror  of  the  fame  focus  with  the  firft  that  he  had  ufed,  but 
of  twice  the  thicknefs,  he  found  the  diameter  of  the  rings  much 
fmaller  than  before.  This  obfervation  the  Duke  thought  to  be 
favourable  to  his  own  conclufions  ;  for  if  thefe  rings  depend  up¬ 
on  the  firft  furface,  the  nearer  it  is  to  the  fecond,  which  only 
refleds  the  rays  tranfmitted  from  it,  the  larger  they  ought  to  ap¬ 
pear  upon  the  pafteboard. 

To  afcertain  this  fad,  he  thought  of  making  ufe  of  two  mov¬ 
able  furfaces,  and  to  make  ufe  of  a  micrometer,  to  meafure  the 
diftance  between  them  with  exadnefs.  For  this  purpofe  he  took 
a  metallic  mirror,  belonging  to  a  refleding  telefcope,  being  part 

of 
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of  a  fphere  of  ten  feet  radius,  and  he  fixed  it  firm  upon  a  foot, 
in  which  was  a  groove,  that  carried  a  light  frame,  to  which  was 
fafcened  a  thin  piece  of  talc,  tarnifhed  with  milk  and  water.  A 
view  of  this  apparatus  may  be  feen  in  fig.  1 1 1 .  The  frame  that 
lupported  the  piece  of  talc  could  either  be  brought  into  contact 
with  the  mirror,  or  be  removed  to  the  diftance  of  eight  or  nine 
inches  from  it,  and  the  micrometer  fliewed,  to  the  utmoft  ex- 
adtnefs,  the  leaf!  motion  of  the  frame. 

Having  placed  this  mirror  ten  feet  from  the  paffeboard,  that 
is  at  the  diftance  of  the  radius  of  its  own  fphere,  he  obferved 
the  rings  to  appear  very  diflindt,  the  form  of  his  mirror  being 
very  true  but  the  diameter  of  the  rings  upon  the  paffeboard 
varied  with  the  diffance  of  the  talc  from  the  mirror,  fo  that  they 
were  very  large  when  the  talc  was  near  the  mirror,  and  very  fmall 
when  it  was  placed  at  the  diffance  of  feven  or  eight  inches. 

Thefe  experiments  proved  that  the  rings  were  formed  by  the 
firft  furface,  and  reflected  by  the  fecond;  but  it  ftill  remained  to 
be  determined  in  what  manner  they  were  formed.  He  imagin¬ 
ed  that  the  fmall  pencils  of  rays  that  were  tranfmitted  through 
the  pores  of  the  glafs,  or  any  other  tranlparent  fubffance,  might 
fuffer  a  kind  of  inflexion,  which  might  change  the  cylinder 
which  they  formed  into  a  truncated  cone,  either  by  means  of 
their  different  degrees  of  inflexibility,  or  by  the  different  dif- 
tances  at  which  they  pafs  by  the  edges  of  the  fmall  hole  through 
which  they  are  tranfmitted.  Purfuing  this  idea,  he  thought  of 
making  ufe  of  fome  body,  the  pores  of  which  were  of  a  known 
and  determinate  fhape.  Inftead,  therefore,  of  the  piece  of  talc, 
he  placed  a  piece  of  fine  muflin  in  the  above  mentioned  frame, 
ftretching  it  as  even  as  pofiible,  to  make  the  pores  formed  by  the 
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threads  more  exaCt  and  more  permeable  to  the  light ;  and  he  foon 
found,  with  great  pleafure,  that  his  conjecture  was  verified ;  for 
inftead  of  the  circular  rings  which  he  had  before,  they  were  now 
manifeftly  fquare,  though  their  angles  were  a  little  rounded,  and 
they  were  coloured  as  the  others,  though  the  light  was  not  very 
vivid,  on  account  of  the  quantity  that  was  flopped  by  the  muflin. 

When,  inftead  of  the  muflin,  he  ftretched  a  crofs  his  frame 
fine  filver  wires,  exaCtly  parallel,  at  the  diftance  of  about  three 
quarters  of  a  line,  or  a  whole  line  from  one  another,  without  any 
other  wires  acrofs  them ;  inftead  of  the  rings,  which  he  had  . 
feen  before,  there  was  nothing  upon  the  pafteboard  but  a  gleam 
of  white  light,  divided  by  many  fmall  ftreaks,  coloured  in  a  very 
vivid  manner,  and  in  the  fame  order  as  in  the  rings. 

Laftly,  in  order  to  fimplify  the  experiment,  and  to  bring  it 
into  a  nearer  comparifon  with  thofe  of  Newton  on  the  inflection 
of  light,  inftead  of  the  frame  above-mentioned,  he  fixed  nothing 
but  the  edge  of  a  knife;  and  he  had  the  fame  appearance  as 
with  the  filver  wires,  except  that  the  light  was  much  lefs  in- 
tenfe,  though  fufficient  to  prove  the  indentity  of  the  effeCl. 

One  of  the  moft  difficult  things  to  account  for  in  thefe  expe¬ 
riments  of  the  Duke  De  Chaulnes,  is  how  the  tarnifhing  of  the 
firft  furface  fhould  make  the  colours  fo  much  more  vivid, 
and  the  rings  more  numerous ;  and  to  this  he  thought  it  contri¬ 
buted  on  two  accounts ;  firft  by  difperfing  a  part  of  the  light 
which  the  firft  furface  would  have  reflected,  and  which  would 
have  tended  to  efface  the  luftre  of  the  rings  ;  and  fecondly  by 
fupplying,  either  by  the  fmall  particles  of  water,  globules  of 
milk,  or  fome  other  fimilar  caufe,  a  greater  number  of  regular 
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As  he  fuppofes  that  the  fecond  furface  only  collects  and  reflects 
the  light  that  is  firft  inflected  at  the  firft  furface,  it  might  be 
thought  that  this  purpofe  might  be  better  anfwered  by  a  convex 
lens,  which  would  bring  them  to  a  focus  on  the  other  fide }  but 
he  obferves  that,  as  the  lens  conflfts  of  refracting  materials,  the 
colours  that  conflitute  the  rings  would  be  refraCted  at  different 
angles,  and  fo  mixed  together,  that  nothing  but  whitenefs  could 
be  the  refult.  * 


S  E  C  T  I  O  N  VI. 

Observations  and  Discoveries  concerning  the 
INFLECTION  of  light. 


THE  fame  power  that  difpofes  the  light  which  actually  falls 
upon  bodies  to  be  reflected  from  them,  or  refraCted  into 
them,  affeCts  the  light  which  only  paflfes  very  near  to  them ; 
fome  of  the  rays  being  thereby  made  to  bend  from  them,  which 
is  fimilar  to  reflexion ,  and  others  to  bend  towards  them,  which 
is  a  kind  of  partial  refraBion .  The  experiments  of  Sir  Ifaac 
Newton  relate  to  both  thefe  modes  of  inflection  ;  and  had  he 
purfued  his  inquiries  into  this  fubjeCt,  in  the  manner  in  which 
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he  feems  to  have  intended  to  have  done,  he  would  probably  have 
attended  to  them  both  in  conjunction,  and  have  compared  their 
efFeCts.  Though  the  inveftigations  which  he  began  cannot 
be  faid  to  be  completed,  yet  we  are  much  obliged  to  feveral  in¬ 
genious  foreigners  who  have  made  experiments  fimilar  to  his ; 
and  by  comparing  them  together,  and  diverfifying  them  a  little 
more,  it  feems  not  to  be  difficult  to  arrive  at  a  pretty  fatisfaCtory 
illuftration  of  this  fubjeCt. 

The  perfon  whofe  name  we  find  firft  upon  the  lift  of  thofe 
who  purfued  any  experiments  fimilar  to  thofe  of  Newton  on  in- 
fleCted  light  is  M.  Maraldi,  whofe  obfervations  chiefly  refpeCt  the 
inflection  of  light  towards  other  bodies,  whereby  their  fhadows 
are  partially  illuminated;  and  many  of  the  circumftances 
which  he  noticed  relating  to  it  are  well  worthy  of  our  attention, 
as  the  reader  will  be  convinced  from  the  following  account  of 
them. 

He  expofed  in  the  light  of  the  fun  a  cylinder  of  wood  3  feet 
long,  and  6i  lines  in  diameter;  when  its  fhadow,  being  re¬ 
ceived  upon  a  paper  held  clofe  to  it,  was  every  where  equally 
black  and  well  defined,  and  continued  to  be  fo  to  the  diftance.of 
23  inches  from  it.  At  a  greater  difiance  the  fhadow  appeared 
to  be  of  two  different  denfities ;  for  the  two  extremities  of  the 
fhadow,  in  the  direction  of  the  length  of  the  cylinder,  were  ter¬ 
minated  by  two  dark  ffrokes,  a  little  more  than  a  line  in 
breadth.  Within  thefe  dark  lines  there  was  a  faint  light,  equally 
difperfed  through  the  fhadow,  which  formed  an  uniform  penum¬ 
bra,  much  lighter  than  the  dark  firokes  at  the  extremity,  or 
than  the  fhadow  received  near  the  cylinder.  This  appearance 
is  reprefented  in  fig.  112. 
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As  the  cylinder  was  removed  to  a  greater  diftance  from  the 
paper,  the  two  black  lines  continued  to  be  nearly  of  the  fame 
breadth,  and  the  fame  degree  of  obfcurity  ;  but  the  penumbra  in 
the  middle  grew  lighter,  and  its  breadth  diminifhed  ;  fo  that  the 
two  dark  lines  at  the  extremity  of  the  fliadow  approached  one 
another,  till,  at  the  diftance  of  60  inches,  they  coincided,  and 
the  penumbra  in  the  middle  intirely  vanifhed.  At  a  ftill  greater 
diftance  a  faint  penumbra  was  vifible,  but  it  was  ill  defined,  and 
grew  broader  as  the  cylinder  was  removed  farther  off,  but  was 
fenfible  at  a  very  great. diftance. 

Befides  the  black  and  dark  ftiadow,  which  the  cylinder  formed 
near  the  opaque  body,  a  narrow  and  faint  penumbra  was  feen  on 
the  outfide  of  the  dark  ftiadow.  And  on  the  outfide  of  this 
there  was  a  trad:  more  ftrongly  illuminated  than  the  reft  of  the 
paper. 

The  breadth  of  the  external  penumbra  increafed  with  the  dif¬ 
tance  of  the  ftiadow  from  the  cylinder,  and  the  breadth  of  the 
tract  of  light  on  the  outfide  of  it  was  alfo  enlarged ;  but  its 
fplendor  diminiftied  with  the  diftance.* 

He  repeated  thefe  experiments  with  three  other  cylinders,  of 
different  dimenfions,  and  from  them  all  he  inferred,  that  every  o- 
paque  cylindrical  body,  expofed  to  the  light  of  the  fun,  makes 
a  ftiadow  which  is  black  and  dark  to  the  diftance  of  38  to  45 
diameters  of  the  cylinder  which  forms  it,  and  that,  at  a  greater 
diftance,  the  middle  part  begins  to  be  illuminated  in  the  manner 
defcribed  above,  'f¬ 
lu  explaining  thefe  appearances,  our  author  fuppofes  that  the 
light  which  diluted  the  middle  part  of  the  fliadow  was  occafioned 
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by  the  infledtion  of  the  rays,  which,  bending  inwards,  on  their 
near  approach  to  the  body,  did  at  a  certain  diftance  enlighten  all 
the  fhadow,  except  the  edges,  which  was  left  undifturbed.  At 
the  fame  time  other  rays  were  deflected  from  the  body,  and 
formed  a  ftrong  light  on  the  outfide  of  the  fhadow,  and  which 
might,  at  the  fame  time,  contribute  to  dilute  the  outer  fhadow, 
though  he  fuppofed  that  penumbra  to  be  occafioned  principally 
by  that  part  of  the  paper  not  being  enlightened,  except  by  a 
part  of  the  fun’s  difk  only,  according  to  the  known  princples  of 
opticks.* 

The  fame  experiments  he  made  with  globes ,  of  feveral  dia¬ 
meters,  but  he  found  that,  whereas  the  fhadows  of  the  cylinders 
did  not  difappear  but  at  the  diftance  of  41  of  their  diameters, 
thofe  of  the  globes  were  not  vifible  beyond  1  5  of  their  diameters 
which  he  thought  was  owing  to  the  light  being  infledted  on  every 
fide  of  a  globe,  and  confequently  in  fuch  a  quantity,  as  to  dif- 
perfe  the  fhadows  fooner  than  in  the  cafe  of  the  cylinders.'!'] 

In  all  thefe  cafes  the  penumbra,  occafioned  by  the  infledted 
light,  began  to  be  vifible  at  a  lefs  diftance  from  the  body  in  the 
ftronger  light  of  the  fun  than  in  a  weaker,  on  account  of  the 
greater  quantity  of  rays  infledted  on  thofe  circumftances. 

Confidering  the  analogy  between  thefe  experiments  and  the 
phenomena  of  an  eclipfe  of  the  moon,  immerfed  in  the  fhadow 
of  the  earth,  he  imagined  that  part  of  the  light  by  which  fhe 
is  then  vifible  is  infledted  light,  and  not  that  which  is  refradted 
by  the  atmofphere  ;  though  this  may  be  fo  copious  as  to  efface 
feveral  of  the  above  mentioned  appearances,  occafioned  by  in¬ 
fledted  light  only.§  But  this  gentleman  fhould  have  confider- 
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ed,  that,  tis  no  light  is  inflected  but  what  paffes  exceedingly  near 
to  any  body,  perhaps  fo  near  as  the  diftance  of  one  fortieth  part 
of  an  inch,  this  caufe  muft  be  altogether  inadequate  to  the 
efre<5t. 

Being  fenfible  that  the  above  mentioned  phenomena  of  the 
fnadows  were  caufed  by  infledted  light,  he  was  induced  to  give 
more  particular  attention  to  this  remarkable  property  ;  and  in 
order  to  it  to  repeat  the  experiments  of  Grimaldi  and  Sir  Ifaac 
Newton  in  a  darkened  room.  In  doing  this,  he  prefently  ob- 
ierved  that,  befides  the  enlarged  fhadow  of  a  hair,  a  fine  needle, 
&c.  the  bright  gleam  of  light  that  bordered  it,  and  the  three 
coloured  rings  next  to  this  enlightened  part,  when  the  fhadow 
was  at  a  confiderable  diftance  from  the  hair,  the  dark  central 
fhadow  was  divided  in  the  middle  by  a  mixture  of  light,  and 
that  it  was  not  of  the  fame  denfity,  except  when  it  was  very 
near  the  hair.* 

This  new  appearance  will  be  feen  to  be  exactly  fimilar  to  what 
our  philofopher  had  obferved  with  refpedl  to  the  fhadows  in  the 
open  day  light  above  mentioned j  but  the  following  obfervations, 
which  he  made  with  fome  variation  of  his  apparatus,  are  much 
more  curious  and  ftriking,  though  they  arife  from  the  fame 
caufe. 

Having  placed  a  brittle,  which  is  thicker  than  a  common  hair, 
in  the  rays  of  the  fun,  admitted  into  a  dark  chamber  by  a  fmall 
hole,  at  the  distance  of  nine  feet  from  the  hole,  it  made  a  fha¬ 
dow,  which  being  received  at  five  or  fix  feet  from  the  obje<tt,  he 
obferved  to  confift  of  feveral  ftreaks  of  light  and  fhade.  The 
middle  part  was  a  faint  fhadow,  or  rather  a  kind  of  penumbra, 
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bordered  by  a  darker  fhadow,  and  after  that  by  a  narrower  pen¬ 
umbra,  next  to  which  was  a  light  break  broader  than  the  dark 
part,  and  next  to  the  flreak  of  light  the  red,  violet,  and  blue 
colours  were  feen  as  in  the  fhadow  of  the  hair. 

In  the  fame  manner  he  placed,  in  the  fame  rays  of  the  fun, 
feveral  needles  of  different  fizes ;  but  the  appearances  were  fo  ex¬ 
ceedingly  various,  though  fufficiently  lingular,  that  he  does  not 
recite  them  particularly,  but  chufes  rather  to  give,  at  fome 
length,  the  obfervations  he  made  on  the  fhadows  of  two  plates , 
as  by  that  means  he  could  better  explain  the  phenomena  of  the 
round  bodies. 

He  expofed  in  the  rays  of  the  fun,  admitted  by  a  fmall  hole 
into  a  dark  chamber,  a  plate  that  was  two  inches  long,  and  a 
little  more  than  half  a  line  broad.  This  plate  being  fixed  per¬ 
pendicularly  to  the  rays,  at  the  diflance  of  nine  feet  from  the 
hole,  a  faint  light  was  feen  uniformly  difperfed  over  the  fhadow, 
when  it  was  received  perpendicularly  to  it,  and  very  near.  The 
fhadow  of  the  fame  plate,  being  received  at  the  diflance  of  two 
feet  and  a  half,  was  divided  into  four  very  narrow  black  breaks, 
feparated  by  fmall  lighter  intervals  equal  to  them.  The  boun¬ 
daries  of  this  fhadow  on  each  fide  had  a  penumbra,  which  was 
terminated  by  a  very  flrong  light,  next  to  which  were  the  co¬ 
loured  breaks  of  red,  violet,  and  blue  as  before.  This  is  re- 
prefented  in  fig.  1 1 3 . 

The  fhadow  of  the  fame  plate,  at  4!  feet  dibance  from  it, 
was  divided  into  two  black  breaks  only,  the  two  outermob 
having  difappeared,  as  in  fig.  114;  but  thefe  two  black  breaks 
which  remained  were  broader  than  before,  and  feparated  by  a 
lighter  baade,  twice  as  broad  as  one  of  the  former  black  breaks, 
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when  the  fhadow  was  taken  at  2t  feet.  This  penumbra  in  the 
middle  had  a  tinge  of  red.  After  the  two  black  breaks  there 
appeared  a  pretty  brong  penumbra,  terminated  by  the  two  breaks 
of  light,  which  were  now  broad  and  fplendid,  after  which  fol¬ 
lowed  the  coloured  breaks. 

A  fecond plate,  two  inches  long,  and  aline  broad,  being  placed 
like  the  former,  fourteen  feet  from  the  hole,  by  which  the  rays 
of  the  fun  were  admitted,  its  fhadow  being  received  perpendicu¬ 
larly,  very  near  the  plate,  was  illuminated  by  a  faint  light,  e- 
qually  difperfed,  as  in  the  cafe  of  the  preceding  plate.  But  be¬ 
ing  received  at  the  dibance  of  thirteen  feet  from  the  plate,  fix 
fmall  black  breaks  began  to  be  vibble,  as  in  fig.  1 1 5.  At  feven- 
teen  feet  from  the  plate,  the  black  breaks  were  broader,  more 
dibindt,  and  more  feparated  from  the  breaks  that  were  lefs  dark. 
At  forty-two  feet  from  the  plate,  only  two  black  breaks  were 
feen  in  the  middle  of  the  penumbra,  as  in  fig.  116.  This  mid¬ 
dle  penumbra,  between  the  two  black  breaks,  was  tinged  with 
red.  Next  to  the  black  breaks  there  always  appeared  the  breaks 
of  light,  which  were  broad  and  the  coloured  breaks  next  to 
them. 

Receiving  the  fhadow  of  the  fame  plate  at  the  dibance  of  fe- 
venty-two  feet,  the  appearances  were  the  fame  as  in  the  former 
btuation,  except  that  the  two  black  breaks  were  broader,  and  the 
interval  between  them,  occupied  by  the  penumbra,  was  broader 
alfo,  and  tinged  with  a  deeper  red. 

In  the  fame  rays  of  the  fun  he  placed  different  plates,  and 
larger  than  the  former,  one  of  them  a  line  and  a  half,  another 
two  lines,  another  three  lines  broad,  &c.  but  receiving  their 
fhadows  upon  paper,  he  could  not  perceive  in  them  thofe  breaks 
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of  faint  light  which  he  had  obferved  in  the  fhadows  of  the  fmall 
plates,  though  he  received  thefe  fhadows  at  the  diftance  of  fifty- 
fix  feet.  Nothing  was  feen  but  a  weak  light,  equally  diffufed, 
as  in  the  fhadows  of  the  two  fmalleft  plates,  received  very  near 
them.  But  had  his  dark  chamber  been  large  enough,  he  did  not 
doubt  but  that,  at  a  proper  diftance,  there  would  have  been  the 
fame  appearances  in  the  fhadows  of  the  larger  plates,  as  in  thofe 
of  the  fmalleft.  For  the  fame  reafon  he  fuppofed  that,  if  the 
fhadows  of  the  fmall  needles  could  have  been  diftindtly  viewed 
very  near  thofe  bodies,  the  different  ftreaks  of  light  and  fhade 
would  have  been  as  vifible  in  them  as  in  thofe  of  the  fmall  plates ; 
and  indeed  he  did  obferve  the  fame  appearances  in  the  fhadows 
of  needles,  of  a  middling  fize.* 

The  ftreaks  of  light  in  thefe  fhadows  our  author  afcribed  to 
the  rays  cf  light  which  are  infledled  at  different  aiftances  from  the 
bodies ;  and  he  imagined  that  their  eroding  one  another  was 
fufficient  to  account  for  the  variations  obfervabie  in  them  at  dif¬ 
ferent  distances. 

The  extraordinary  fize  of  the  fhadows  of  thefe  fmall  fubftances 
M.  Maraldi  thought  to  be  occafioned  by  the  fhadow  from  the 
enlightened  part  of  the  fky,  added  to  that  which  was  made  by 
the  light  of  the  fun,  and  alfo  to  a  vortex ,  occafioned  by  the  cir¬ 
culation  of  the  infledted  light  behind  the  objedt ;  but  my  reader 
will  probably  not  think  it  neceffary  for  me  either  to  produce  all 
his  reafons  for  this  hypothefis,  or  to  enter  into  a  refutation  of 
them. 

Our  author  having  made  the  preceding  experiments  upon 
fingle  long  fubftances,  had  the  curiofity  to  place  two  of  them,  fo 
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as  to  crofs  one  another  in  a  beam  of  the  fun’s  light.  The  fha- 
dows  of  two  hairs  placed  in  this  manner,  and  received  at  fome 
diftance  from  them,  appeared  to  be  painted  reciprocally  one 
upon  the  other,  fo  that  the  obfcure  part  of  one  of  them  was  vi- 
fible  upon  the  obfcure  part  of  the  other.  The  ftreaks  of  light 
alfo  crofted  one  another,  and  the  coloured  ftreaks  did  the  fame. 

Having  placed  a  needle  and  a  hair  eroding  one  another,  their 
fhadows,  at  the  fame  diftance,  exhibited  the  fame  appearances 
as  the  fhadows  of  the  two  hairs,  though  the  fhadow  of  the  needle 
wxis  the  ftronger.  ; 

He  alfo  placed  in  the  rays  of  the  fun  a  briftle  and  a  plate  of 
iron  a  line  thick,  fo  that  they  eroded  one  another  obliquely  ;  and 
when  their  fhadows  were  received  at  the  fame  diftance,  the  light 
and  dark  ftreaks  of  the  fhadow  of  the  briftle  were  vifible  fo  far 
as  the  middle  of  the  fhadow  of  the  plate  on  the  fide  of  the  acute 
angle,  but  not  on  the  fide  of  the  obtufe  angle,  whether  the 
briftle  or  the  plate  were  placed  next  to  the  rays.  The  plate 
made  a  fhadow  fufficiently  dark,  divided  into  fix  black  ftreaks 
and  thefe  were  again  divided  by  as  many  light  ones  equal  to 
them,  and  yet  all  the  ftreaks  belonging  to  the  fhadow  of  the 
briftles  were  vifible  upon  it,  as  in  fig.  117.  To  explain  this  ap¬ 
pearance,  he  fuppofed  that  the  rays  of  the  fun  glide  a  little  along 
the  briftle,  fo  as  to  enlighten  part  of  that  which  is  behind  the 
plate.  But  this  feems  to  be  an  arbritrary,  and  improbable  fup- 
pofition. 

Our  philofopher  did  not  fail  to^expofe  feveral  fmall  globes  in 
the  light  of  the  fun  in  his  dark  chamber,  and  to  compare  their 
fhadows  with  thofe  of  the  long  fubftances,  as  he  had  done  in  the 
day  light j  and  the  appearances  were  ftill  fimilar.  It  was  parti¬ 
cularly 
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cularly  evident,  that  there  was  much  more  light  in  the  fhadows 
of  the  globes  than  in  thofe  of  the  cylinders,  not  only  when  they 
were  both  of  an  equal  diameter,  but  when  that  of  the  globe  was 
larger  than  that  of  the  cylinder,  and  the  fhadows  of  both  the 
bodies  were  received  at  the  fame  diflance.  He  alfo  obferved, 
that  he  could  perceive  no  difference  of  light  in  the  fhadows  of 
the  plates  which  were  a  little  more  than  one  line  broad,  though 
they  were  received  at  the  diflance  of  72  feet ;  but  he  could  eafily 
fee  a  difference  of  fhades  in  thofe  of  the  globes,  taken  at  the 
fame  diflance,  though  they  were  zi  lines  in  diameter.  * 

In  order  to  explain  the  colours  at  the  edges  of  thefe  fhadows, 
he  contrived  to  throw  fome  of  the  fhadows  upon  others  ;  and 
the  following  obfervations,  though  they  did  not  enable  him  to 
accomplifh  what  he  intended,  are  curious  and  worth  reciting. 

Having  thrown  feveral  of  the  fimilar  colours  upon  one  ano¬ 
ther,  and  thereby  produced  a  tinge  more  lively  than  before,  he 
threw  the  gleam  of  light,  which  always  intervened  between  the 
colours  and  the  darker  part  of  the  fhadow,  upon  different  parts 
of  other  fhadows ;  and  obferved  that,  when  it  fell  upon  the  ex¬ 
terior  penumbra  made  by  another  needle,  it  produced  a  beauti¬ 
ful  fky  blue  colour,  almofl  like  that  which  was  produced  by  two 
blue  colours  thrown  together.  When  the  fame  gleam  of  light 
fell  upon  the  deeper  fhadow  in  the  middle,  it  produced  a  red  co¬ 
lour,  which  feemed  to  prove  that  the  reddifh  colour  in  the  mid¬ 
dle  of  feveral  of  the  fhadows  might  come  from  the  little  light 
infledled  into  that  place.  But  here  our  author  feems  to  have 
been  mifled  by  fome  falfe  hypothecs  concerning  colours. 
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He  placed  two  plates  of  iron,  each  three  or  four  lines  broad, 
very  near  one  another,  but  with  a  very  fmall  interval  between 
them  ;  and  having  placed  them  in  the  rays  of  the  fun,  and  re¬ 
ceived  their  fhadows  at  the  distance  of  hfteen  or  twenty  feet  from 
them,  he  faw  no  light  between  them,  but  a  continued  fhadow, 
in  the  middle  of  which  were  fome  ftreaks  of  a  lively  purple,  pa¬ 
rallel  to  one  another,  and  feparated  by  other  black  ftreaks  ;  but 
between  them  there  were  other  ftreaks,  both  of  a  very  faint  green, 
and  alfo  of  a  pale  yellow.  He  alfo  informs  us  that  M.  Delifle 
had  obferved  colours  in  the  ftreaks  of  light  and  fliade,  which  are 
obfervable  in  fhadows  taken  near  the  bodies.* 

Our  author  concludes  his  curious  paper  with  an  account  of  the 
following  experiment,  which  he  repeated  from  Grimaldi.  He  in¬ 
troduced  a  beam  of  the  fun’s  light  into  a  darkened  chamber,  by 
an  aperture  of  about  half  an  inch  in  diameter.  At  the  diftance  of 
feven  or  eight  feet  from  the  hole,  he  placed  in  the  light  of  the  fun 
a  cylinder  of  wood  or  copper,  an  inch  in  diameter,  in  fuch  a  man¬ 
ner,  as  that  only  part  of  the  beam  fell  upon  the  cylinder.  In 
this  fituation  there  was  a  reflexion  of  the  rays  of  the  fun  by  the 
cylindrical  body,  and  this  reflexion  made  a  femicircular  train  of 
light,  the  centre  of  which  was  in  that  part  of  the  cylinder  on 
which  the  image  of  the  fun  fell.  Having  received  part  of  this 
refledled  light  upon  a  piece  of  white  paper,  in  any  part  of  the 
femicircular  fpace,  a  great  variety  of  lively  colours  were  feen  in 
it.  Thefe  colours  were  red,  violet,  yellow,  blue,  and  green ; 
fo  that  the  paper  which  received  them,  had  the  appearance  of 
being  marbled  with  thofe  different  colours.  In  order  to  fee  them 
diftindtly,  it  was  neceffary,  however,  to  receive  them  at  fome 
diftance  from  the  image  of  the  fun.-f* 

*  A$.  Par,  1723,  M.  p.  199.  f  lb.  p.  200. 

Among 


Sec.  VI.  THE  INFLECTION  OF  LIGHT.  531 

Among  thofe  who  followed  Sir  Ifaac  Newton  in  his  obferva- 
tions  on  the  infledtion  of  light,  we  alfo  find  the  ingenious  M. 
MAIRAN  i  but,  without  attempting  the  difcovery  of  new  fadts* 
he  only  endeavoured  to  explain  the  old  ones,  by  the  hypothefis 
of  an  atmofphere  furrounding  all  bodies  ;  and  confequently 
making  two  reflexions  and  refradtions  of  the  light  that  impinges 
upon  them,  one  at  the  furface  of  the  atmofphere,  and  the  other 
at  that  of  the  body  itfelf.  This  atmofphere  he  fuppofed  to  be 
of  a  variable  denfity,  and  refradtive  power,  like  the  air. 

M.  Mairan  was  fucceeded  by  M.  DU  TOUR,  who  thought 
the  variable  atmofphere  fuperfluous,  and  imagined  that  he  could 
account  for  all  the  phenomena  by  the  help  of  an  atmofphere  of 
an  uniform  denfity,  and  of  a  lefs  refradtive  power  than  the  air  fur¬ 
rounding  all  bodies.  But  what  we  are  moft  obliged  to  this 
gentleman  for  is,  not  his  ingenious  hypothefis ,  but  the  beautiful 
variety  with  which  he  has  exhibited  the  experiments ,  which  will 
render  it  much  eafier  for  any  perfon  to  inveftigate  the  true  caufes 
of  them. 

Before  M.  Du  Tour  gave  his  attention  to  this  fubjedt,  only 
three  fringes  had  been  obferved  in  the  colours  produced  by  the 
infledtion  of  light ;  but  he  was  accidentally  led  to  obferve  a 
much  greater  number  of  them,  and  hit  upon  the  following  in¬ 
genious  method  of  making  them  all  appear  very  diftindt. 

He  took  a  circular  board,  ABED,  fig.  118,  13  inches  in  diame¬ 
ter,  the  furface  of  which  was  black,  except  at  the  edge,  where 
there  was  a  ring  of  white  paper,  about  three  lines  broad,  in  order 
to  trace  the  circumference  of  a  circle,  divided  into  360  degrees, 
beginning  at  the  point  A,  and  reckoning  180  degrees  on  each 
hand  to  the  point  E  •,  B  and  D  being  each  of  them  placed  at  90 
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degrees.  A  flip  of  parchment  three  inches  broad,  and  difpofed 
in  the  form  of  a  hoop,  was  faftened  round  the  board,  and 
pierced  at  the  point  E  with  a  fquare  hole,  each  fide  being  four 
or  five  lines,  in  order  to  introduce  a  ray  of  the  fun’s  light. 
Laftly,  in  the  center  of  the  board  C,  and  perpendicular  to  it, 
he  fixed  a  pin,  about  f  of  a  line  in  diameter.- 

This  hoop  being  fo  difpofed,  that  a  ray  of  light  entering  the 
dark  chamber,  through  a  vertical  cleft  of  two  lines  and  a  half 
in  length,  and  about  as  wide  as  the  diameter  of  the  pin,  went 
through  the  hole  at  E,  and  pafiing  parallel  to  the  plane  of  the 
board,  projected  the  image  of  the  fun  and  the  fhadow  of  the  pin 
at  A. 


In  thefe  circumftances  he  obferved,  ift.  that  quite  round  the 
concave  furface  of  this  hoop,  there  were  a  multitude  of  colour¬ 
ed  ftreaks  ;  but  that  the  fpace  m  A  n,  of  about  eighteen  degrees, 
the  middle  of  which  was  occupied  by  the  image  of  the  fun,  was 
covered  with  a  faint  light  only. 

2.  The  order  of  the  colours  in  thefe  ftreaks  was  generally  fuch 
that  the  molt  refrangible  rays  were  the  neareft  to  the  incident  ray 
ECA  ;  fo  that,  beginning  from  the  point  A,  the  violet  was  the 
iirfb,  and  the  red  the  laft  colour  in  each  of  the  ftreaks.  In  fome 
of  them,  however,  the  colours  were  difpofed  in  a  contrary  order. 

3.  The  image  of  the  fun  projected  on  each  fide  of  the  point 
A,  was  divided  by  the  fhadow  of  the  pin,  which  was  bordered 
by  two  luminous  ftreaks. 

4.  The  coloured  ftreaks  were  narrower  in  fome  parts  of  the 
hoop  than  others,  and  generally  decreafed  in  breadth  in  receding 
from  the  point  A. 

5.  Among  thefe  coloured  ftreaks,  there  were  fometimes  others 
Which  were  white,  a  line,  or  a  line  and  an  half  in  breadth,  which 
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were  always  bordered  on  both  ddes  by  a  ftreak  of  orange  colour, 
at  lead:  when  the  light  of  the  fun  was  intenfe,  and  the  chamber 
fufficiently  dark. 

From  this  experiment  he  thought  it  was  evident,  that  the  rays 
which  paffed  beyond  the  pin  were  not  the  only  ones  that  were 
decompofed ;  for  that  thofe  which  are  reflected  back  from  the 
pin  were  decompofed  alfo,  from  which  he  concluded,  that  they 
mud:  have  undergone  fome  refradion.  He  alfo  thought  that 
thofe  which  went  beyond  the  pin  differed  a  redexion,  fo  that  they 
were  all  affected  in  a  dmilar  manner.-* 

In  order  to  account  for  thefe  fads,  our  author  defcribes  the 
progrefs  of  a  ray  of  light  through  an  uniform  atmofphere,  which 
he  fuppofes  to  furround  the  pin,  and  fhews  that  the  differently 
refrangible  rays  will  be  feparated  at  their  emergence  from  it ; 
but  he  refers  to  fome  experiments  and  obfervations  in  a  future 
memoir,  to  demondrate  that  all  the  coloured  flreaks  are  pro¬ 
duced  by  rays  that  are  both  rededed  and  refraded.  -f* 

To  give  fome  idea  of  his  hypotheds,  he  fhews  that  the  ray  a 
by  dg.  1 1 9,  after  being  refraded  at  by  rededed  at  r  and  uy  and  a- 
gain  refraded  at  s  and  ty  will  be  divided  into  its  proper  colours  ; 
the  lead:  refrangible,  or  the  red  rays,  iffuing  at  x,  and  the  mod: 
refrangible,  or  violet  atjy,  which  agrees  with  his  obfervations. 
Thofe  ftreaks  in  which  the  colours  appear  in  a  contrary  order  he 
thinks  are  to  be  afcribed  to  inequalities  in  the  furface  of  the  pin. 
This  might  eadly  have  been  afcertained  by  turning  the  pin  round, 
in  which  cafe  thefe  differently  coloured  flreaks  would  have  chang¬ 
ed  their  places. 

*  Memoires  Prefentes  VoL  5,  p.  636.  f  lb.  p.  64!.- 
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If  any  perfon  Ihould  chufe  to  repeat  thefe  experiments  of  the 
hoop,  he  obferves  that  it  requires  that  the  Iky  be  very  clear  and 
free  from  vapours,  in  order  to  exhibit  the  colours  with  the  great- 
eft  diftinctnefs  ;  fince  even  the  vapours  that  are  imperceptible, 
will  diminilh  the  luftre  of  the  colours  on  every  part  of  the 
hoop,  and  even  efface  fome  of  them,  efpecially  thofe  which  are 
on  that  part  in  which  the  beam  of  light  enters,  as  at  E,  where 
the  colours  are  always  fainter  than  in  any  other  place,  and  in¬ 
deed  can  never  be  diftinguilhed  except  when  the  hole  E  is  con¬ 
fined  by  black  fubftances,  fo  as  to  intercept  a  part  of  the  light 
that  might  reach  the  pin  ;  and  unlefs,  alfo,  thofe  rays  which  go 
beyond  the  pin,  to  form  the  image  of  the  fun  at  A,  be  flopped, 
fo  that  no  rays  are  vifible  except  thofe  that  are  reflected  towards 
the  hole,  and  which  make  the  faint  fireaks. 

The  coloured  fireaks  that  are  next  the  Ihadow  of  the  pin,  he 
(hews,  are  formed  by  thofe  rays  which,  entering  the  atmofphere, 
do  not  fall  upon  the  pin,  and,  without  any  reflexion,  are  only 
refra&ed  at  their  entering  and  leaving  the  atmofphere,  as  at  b  and 
ruy  fig.  120.  In  this  cafe  the  red  or  leaft  refrangible  rays  will 
iflue  at  r,  and  the  violet  at  u. 

To  diftinguifii  the  rays  which  fell  upon  the  hoop  in  any  par¬ 
ticular  direction,  from  thofe  that  came  in  any  other,  he  made 
an  opening  in  the  hoop,  as  at  P,  by  which  means  he  could  with 
advantage,  and  at  any  difiance  from  the  center,  obferve  thofe 
rays  unmixed  with  any  other.* 

To  account  for  the  coloured  fireaks  being  larger  next  the  Iha¬ 
dow  of  the  pin,  and  growing  narrower  to  the  place  where  the 
light  was  admitted,  he  Ihews,  by  fig.  121,  that  the  rays  ab  are 
farther  feparated  by  both  the  refradtions  than  the  rays  c  d. 

*  Memoires  de  Mathem.  et  de  Phyf.  Vol.  5,  p.  65P. 
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Sometimes  our  author  obferved,  that  the  broader  flreaks  were 
not  difpofed  in  this  regular  order  ;  but  then  he  found  that,  by- 
turning  the  pin,  they  changed  their  places,  fo  that  this  circum- 
flance  mull  have  been  an  irregularity,  depending  upon  the  acci¬ 
dental  furface  of  the  pin.* 

The  white  flreaks  intermixed  with  the  coloured  ones  he  a- 
fcribes  to  fmall  cavities  in  the  furface  of  the  pin,  or  fome  other 
foreign  circumflance j  for  they  alfo  changed  their  places  when 
the  pin  was  made  to  turn  upon  its  axis.-f- 

Other  obfervations  of  our  author  feem  to  prove  that  the  re¬ 
fracting  atmofpheres  furrounding  all  kinds  of  bodies  are  of  the 
fame  fize  ;  for  when  he  placed  a  great  variety  of  fubflances,  and 
of  different  fizes  alfo,  he  always  found  the  coloured  flreaks  of 
the  fame  dimenfions.§ 

M.  Du  Tour  obferves  that  his  hypothefis  contradids  an  ob¬ 
servation  of  Sir  Ifaac  Newton,  that  thofe  rays  which  pafs  the 
nearefl  to  any  body,  are  the  mofl  infleded  ;  but  he  thinks  that 
Newton’s  obfervations  were  not  fufficiently  accurate.  Befides, 
he  obferves  that  Newton  only  faid  that  he  thought  it  to  be  fo , 
without  afferting  it  pofitively.J 

Since  the  rays  which  formed  thefe  coloured  flreaks  are  but 
little  diverted  out  of  their  way,  our  author  infers  that  this  at- 
mofphere  is  of  fmall  extent,  and  that  its  refradive  power  is  not 
much  lefs  than  that  of  air.  || 

Expofing  two  pieces  of  paper  in  the  beam  of  light,  fo  that 
part  of  it  palTed  between  two  planes  formed  by  them,  M.  Dm 
Tour  obferved  that  the  edges  of  this  light,  received  upon  paper, 

*  Memoires  Preterites,  Vol.  5,  p.  653.  f  lb.  p.  654.  §  lb.  p.  653. 

t  lb.  p.  656.  ||  lb.  p.  657, 


were 


Per.  VI. 


536  OBSERV  AT  10  N  $  O  N 

were  bordered  with  two  orange  coloured  flreaks,  which  Newton 
had  not  taken  notice  of  in  any  of  his  experiments.*  To  account 
for  them,  he  fuppofes  that,  in  fig.  122,  the  more  refrangible 
of  the  rays,  which  enter  at  b ,  are  fo  refracted,  that  they  do  not 
reach  the  furface  of  the  body  itfelf,  at  R ;  fo  that  the  red  and 
orange  coloured  light  may  be  reflected  from  thence  in  the  direc¬ 
tion  d M,  where  the  orange  coloured  ftreaks  will  be  formed; 
and,  for  the  fame  reafon,  another  ftreak  of  orange  will  be  form¬ 
ed  at by  the  rays  which  enter  the  atmofphere  on  the  other 
fide. of  the  chink.  In  a  fimilar  manner  he  accounts  for  the  o- 
range  coloured  fringes  at  the  borders  of  the  white  fixeaks,  in 
the  experiment  of  the  hoop,  -f- 

The  blue  rays,  which  are  not  reflected  at  R,  he  fuppofes  pafs 
on  to  I,  and  that,  of  thefe  rays,  the  blue  tinge  obfervable  in  the 
fhadows  of  fome  bodies  are  formed. 

To  explain  an  experiment  of  Newton’s,  fimilar  to  another  of 
his  own,  in  which  two  ftreams  of  light  were  darted  from  the 
edges  of  bodies  placed  in  a  beam  of  the  fun,  he  fuppofes  that 
one  of  them  is  made  by  light  reflected  by  the  edge  of  the  knife 
itfelf,  and  the  other  by  the  infide  of  the  atmofphere  that  fur- 
rounds  it,  fo  that  the  rays  which  formed  them  crofied  one  ano¬ 
ther,  as  in  fig.  123. 

He  found,  by  placing  bodies  on  the  outfide  of  his  darkened 
room,  that  the  rays  P  d  and  P  e  came  from  the  part  a  P  of  the 
incident  ray  of  light,  and  that  the  rays  rf  r  g  came  from  the 
part  b  r  of  the  ray.§ 

Drawing  a  piece  of  paper  acrofs  the  hole  in  his  window  fhut- 
ter,  he  obferved  that  when  the  chink  by  which  the  light  was 

*  Memoires  Prefentes,  Vol.  5,  p.  666.  f  lb.  p.  67 2.  §  lb.  675. 
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admitted  was  exceedingly  narrow,  the  image  of  the  fun  made  by 
the  light  that  was  admitted  through  it  became  confiderably  ex¬ 
tended,  and  that  it  was  bordered  fir  ft  by  the  orange  coloured 
ftreaks,  then  thofe  coloured  in  the  ufual  manner,  and  then  by  a 
faint  gleam  of  light,  which  grew  weaker  and  weaker  as  it  reced¬ 
ed  from  the  image. 

This  dilitation  of  the  image,  to  places  where  it  had  not  reach¬ 
ed  when  the  hole  was  wider,  he  afcribed  to  the  compreffion  of 
the  atmofpheres  by  the  paper  on  one  fide,  and  the  wood  on  the 
other ;  by  which  means  they  were  made  flatter  than  before,  fo 
that  the  rays,  falling  upon  them  more  obliquely,  were  thrown 
farther  out  of  their  natural  courfe  than  they  would  otherwife 
have  been.*  This  he  particularly  explains  by  fig.  124,  where 
the  ray  ab ,  palling  through  the  fpherical  atmofphere,  would 
iffue  at  D  ;  but  palling  through  the  elliptical  one,  would  iffiie  at 
d.  Upon  this  I  would  obferve,  that  the  fuppofition  of  the  at¬ 
mofpheres  comprefling  one  another  is  unneceffary  for  this  pur- 
pofe.  If  atmofpheres  be  fpheres  in  which  certain  powers  take 
place,  they  will,  when  they  intermix,  increafe  or  leifen  each  o- 
thers  effedts,  according  as  they  are  of  the  fame,  or  a  contrary 
nature. 

This  author  promifes  a  fuller  explication  of  thefe  experiments, 
and  alfo  an  account  of  others  fimilar  to  them,  in  a  future  me¬ 
moir. 

M.  Le  Cat  has  well  explained  a  phenomenon  of  vifion  de¬ 
pending  upon  the  infledlion  of  light,  which  fliews  that,  in  fome 
cafes,  objedts  appear  magnified  by  this  means.  Looking  at  a 
diftant  flceple,  when  a  wire,  of  a  lefs  diameter  than  the  pupil  of 
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his  eye,  was  held  pretty  near  to  it,  and  drawing  it  feveral  times 
betwixt  his  eye  and  that  objedt,  he  was  furprized  to  find  that, 
every  time  the  wire  pafied  before  his  pupil,  the  fteeple  feemed  to 
change  its  place,  and  fome  hills  beyond  the  fteeple  feemed  to 
have  the  fame  motion,  juft  as  if  a  lens  had  been  drawn  betwixt 
his  eye  and  them. 

Examining  this  appearance  more  attentively,  he  found  that 
there  was  a  pofition  of  the  wire,  but  very  difficult  to  keep,  in 
which  the  fteeple  feemed  not  to  have  any  motion,  when  the  wire 
was  pafied  before  his  eye ;  and  in  this  cafe  the  fteeple  appeared 
lefs  diftindtly,  and  feemed  to  be  magnified.  Thefe  effedts  being 
fimilar  to  thofe  of  a  lens,  he  attended  to  them  more  particular¬ 
ly,  and  placed  his  eye  in  fuch  a  manner,  with  refpedt  to  the 
fteeple,  that  the  rays  of  light  by  which  he  faw  it  muft  come 
very  clofe  to  the  edge  of  a  window,  where  he  had  placed  him- 
felf  to  make  his  obfervations.  Then  paffing  the  wire  once  more 
before  his  eye,  he  obferved,  that  when  it  was  ijpL  the  vifual  axis 
the  fteeple  appeared  nearer  to  the  window,  on  which  ever  fide 
the  wire  was  made  to  approach.  Ele  repeated  this  experiment, 
and  conftantly  with  the  fame  refult,  the  objedt  being  always 
magnified,  and  nearly  doubled  by  this  means.* 

This  phenomenon  is  eafily  explained  by  fig.  125,  in  which  B 
reprefents  the  eye,  A  the  fteeple,  and  C  the  diameter  of  the 
wire.  The  black  lines  exprefs  the  cone  of  light  by  which  the 
natural  image  of  the  fteeple  A  is  formed,  and  which  is  much 
narrower  than  the  diameter  of  the  wire  C  5  but  the  dotted  lines 
include  not  only  that  cone  of  light,  flopped  and  turned  out  of 
its  courfe  by  the  wire,  but  alfo  more  diftant  rays,  infledted  by 

the. 
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the  wire,  and  thereby  thrown  more  converging  into  the  pupil; 
juft  as  would  have  been  the  effect  of  the  interpofition  of  a  lens 
between  the  eye  and  the  object.  The  refult  of  this  experiment 
was  the  fame,  whatever  fubftances  he  made  ufe  of  in  the  place 
of  the  wire,  provided  they  were  of  the  fame  diameter. 

This  difcovery,  depending  upon  the  inflection  of  the  rays  of 
light,  led  him  to  feveral  others  depending  upon  the  fame  prin¬ 
ciple.  Thus  he  magnified  fmall  objects,  as  the  head  of  a  pin, 
by  looking  at  them  through  a  fmall  hole  in  a  card  ;  fo  that  the 
rays  which  formed  the  image  muft  neceffarily  pafs  fo  near  the 
circumference  of  the  hole,  as  to  be  attracted  by  it.  He  alfo 
obferved  that,  by  bringing  his  finger  near  the  cone  of  light, 
which  tranfmitted  to  him  the  image  of  any  objeCt,  well  infulat- 
ed,  as  a  red  coal  in  the  midft  of  cinders,  or  a  black  coal  in  the 
midft  of  the  fire,  the  object  feemed  to  ft  retch  itfelf  towards  his 
finger,  as  it  approached,  and  to  follow  it  to  a  certain  diftance 
when  it  was  withdrawn.  He  thought  it  was  owing  to  the  fame 
caufe,  that  the  clouds  which  pafs  over  the  face  of  the  fun,  oc- 
cafion  various  motions  in  the  fhadows  of  bodies  ;  and  when  thefe 
clouds  are  interrupted  in  different  places,  thofe  fhadows  feem  to 
dance,  which  is  particularly  vifible  in  the  fhadows  made  by  the 
leads  in  glafs  windows.  It  was  to  the  fame  inflection  of  light 
that  he  afcribed,  in  part,  the  prifmatic  colours  which  he  faw  by 
means  of  a  very  fine  pin,  placed  near  to  his  eye,  and  on  which 
he  made  the  light  of  a  candle  to  fall  obliquely.* 

I  fhall  conclude  this  fedtion  with  an  obfervation  of  M.  Muf- 
chenbroeck,  that  if,  in  the  night,  a  brafs  wire,  or  a  fmall  needle, 
be  held  between  the  eye  and  a  candle,  and  the  wire  be  moved 

*  Traite  des  Sens,  p.  304. 
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fometimes  nearer  to,  and  fometimes  farther  from  the  candle, 
there  is  a  place  in  which  the  wire  will  appear  tranfparent,  and  of 
a  reddifh  colour.  This,  he  thinks,  may  be  owing  to  the  inflec¬ 
tion  of  the  light,  by  the  (ides  of  the  wire.*  But  in  fadt  this 
tnay  only  be  a  partial  fhadow  made  by  the  pin  upon  the  eye. 


SECTION  VIX. 

Of  the  MEASURES  OF  LIGHT. 


TH  E  ingenious  obfervations  that  have  been  made  by  phi- 
lofophers  concerning  the  meafures  of  light ,  in  a  variety  of 
cafes,  are  fo  numerous,  fince  the  time  of  Sir  Ifaac  Newton,  that 
they  deferve  to  be  difpofed  in  a  feparate  fedtion.  That  fome  lu¬ 
minous  bodies  give  a  ftronger,  and  others  a  weaker  light  and 
that  fome  refledt  more  light  than  others,  was  always  obvious  to 
all  mankind  ;  but  no  perfon  hit  upon  any  method  of  afcertaining 
the  proportion  that  two  or  more  lights  bear  to  each  other,  with 
any  tolerable  accuracy,  before  M.  Bouguer,  who  applied  fome  ex- 
quifite  contrivances  to  this  purpofe,  and  who,  in  his  application 
pf  them,  was  led  to  a  variety  of  important  philofophical  difco- 
veries,  which  have  been  already  recited.  As  his  obfervations  on 
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this  fubjedt  deferve  the  chief  place  in  this  fedlion,  I  {hall  intro¬ 
duce  them  by  giving  an  idea  of  the  methods  that  he  ufed 
to  meafure  the  proportion  of  different  lights.  Thofe  which  he 
moft  commonly  ufed  were  the  following. 

He  took  two  pieces  of  wood  or  pafteboard  EC  and  CD,  fig. 
126,  in  which  he  made  two  equal  holes,  P  and  over  which 
he  drew  pieces  of  oiled,  or  white  paper.  Upon  thefe  holes  he 
contrived  that  the  light  of  the  different  bodies  he  was  compar¬ 
ing  fhould  fall,  while  he  placed  a  third  piece  of  pafteboard,  FC 
to  prevent  the  two  lights  from  mixing  with  one  another.  Then 
placing  himfelf  fometimes  on  one  fide  and  fometimes  on  the  o- 
ther,  but  generally  on  the  oppofite  fide  of  this  inftrument,  with 
refpedt  to  the  light,  he  altered  their  pofition,  till  the  papers  in 
the  two  holes  appeared  to  be  equally  enlightened.  This  being 
done,  he  computed  the  proportion  of  their  light  by  the  fquares 
of  the  diftances  at  which  the  luminous  bodies  were  placed  from 
the  objects.  If,  for  inftance,  the  diftances  were  as  three  and 
nine,  he  concluded  that  the  light  they  gave  were  as  nine  and 
eighty-one.  Where  any  light  was  very  faint,  he  fometimes 
made  ufe  of  lenfes,  in  order  to  condenfe  it,  and  he  inclofed  them 
in  tubes  or  not,  as  his  particular  application  of  them  required. 

To  meafure  the  intenfity  of  light  proceeding  from  the  heaven¬ 
ly  bodies,  or  reflected  from  any  part  of  the  fky,  he  contrived 
an  inftrument  which  refembles  a  kind  of  portable  Camera  Ob- 
fcura.  He  had  two  tubes,  of  which  the  inner  was  black,  faften- 
ed  at  their  lower  extremities  by  a  hinge,  C.  fig.  127.  At  the 
bottom  of  thefe  tubes  were  two  holes,  R  and  S,  three  or  four 
lines  in  diameter,  covered  with  two  pieces  of  fine  white  paper. 
The  two  other  extremities  had  each  of  them  a  circular  aperture, 
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an  inch  in  diameter;  and  one  of  the  tubes  confifted  of  two,  one 
of  them  Aiding  into  the  other,  which  produced  the  fame  effedt 
as  varying  the  aperture  at  the  end.  When  this  inftrument  is 
ufed,  the  obferver  has  his  head,  and  the  end  of  the  inftrument, 
C,  fo  covered,  that  no  light  can  fall  upon  his  eye,  belides  that 
which  comes  through  the  two  holes  S  and  R,  while  an  aftiftant 
manages  the  inftrument,  and  draws  out  or  fhortens  the  tube  D 
E,  as  the  obferver  diredts.  When  the  two  holes  appear  equally 
illuminated,  the  intenfity  of  the  lights  is  judged  to  be  inverfely 
as  the  fquares  of  the  lengths  of  the  tubes. 

In  ufing  this  inftrument,  it  is  neceftary  that  the  objedt  Ihould 
fubtend  an  angle  larger  than  the  aperture  A  or  D,  feen  from  the 
other  end  of  the  tube  ;  for,  otherwife,  the  lengthening  of  the 
tube  has  no  effedt.  To  avoid,  in  this  cafe,  making  the  inftru¬ 
ment  of  an  inconvenient  length,  or  making  the  aperture  D  too 
narrow,  he  has  recourfe  to  another  expedient.  He  conftrudts 
an  inftrument,  reprefented  fig.  128,  confifting  of  two  objedt 
glafles,  AE  and  DF,  exadtly  equal,  fixed  in  the  ends  of  two  tubes 
fix  or  feven  feet,  or,  in  fome  cafes,  ten  or  twelve  feet  long,  and 
having  their  foci  at  the  other  ends.  At  the  bottom  of  thefe 
tubes,  B  are  two  holes,  three  or  four  lines  in  diameter,  covered 
with  a  piece  of  white  paper  ;  and  this  inftrument  is  ufed  exadtly 
like  the  former. 

If  the  two  objects  to  be  obferved  by  this  inftrument  be  not  e- 
-qually  luminous,  the  light  that  iftiies  from  them  muft  be  reduc¬ 
ed  to  an  equality,  by  diminilhing  the  aperture  of  one  of  the 
objedt  glaftes  ;  and  then  the  remaining  furface  of  the  two  glalfes 
will  give  the  proportion  of  their  lights.  But,  for  this  purpofe, 
the  central  parts  of  the  glafs  muft  be  covered,  in  the  fame  pro¬ 
portion 
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portion  with  the  parts  near  the  circumference,  leaving  the  aper¬ 
ture  fuch  as  is  repreiented  fig.  129  ;  becaufe  the  middle  part  of 
the  glafs  is  thicker,  and  Ids  tranfparent  than  the  reft. 

If  all  the  objedts  to  he  obferved  lie  nearly  in  the  fame  direction, 
our  author  obferves  that  thefe  two  long  tubes  may  be  reduced  in¬ 
to  one,  the  two  objetft  glaftes  being  placed  clofe  together,  and 
one  eye  glafs  fufHcing  for  them  both.  The  inftrument  will  then 
be  the  famelwith  that  of  which  he  publiftied  an  account  in  1748, 
and  which  he  called  a  heliorneter,  or  aftrometer.* 

Our  author  obferves  that  it  is  not  the  abfolute  quantity ,  but 
only  the  inten/ity  of  the  light  that  is  meafured  by  thefe  two  in- 
ftruments,  or  the  number  of  rays,  in  proportion  to  the  furface 
of  the  luminous  body  ;  and  it  is  of  great  importance  that  thefe 
two  things  be  diftinguifhed.  The  intenfity  of  light  may  be  very 
great,  when  the  quantity,  and  its  power  of  illuminating  other 
bodies,  may  be  very  fmall,  on  account  of  the  fmallnefs  of  its 
furface ;  or  the  contrary  may  be  the  cafe,  when  the  furface  is 
large,  •f* 

Having  explained  thefe  methods  which  M.  Bouguer  took  to 
meafure  the  different  proportions  of  light,  I  fhall  fubjoin,  in  this 
place,  a  few  mifcellaneous  examples  of  his  application  of  them ; 
the  refult  of  his  moft  important  experiments  having  been  already 
recited  under  the  heads  to  which  they  refpecftively  belong. 

It  is  obfervable,  that  when  a  perfon  ftands  in  a  place  where 
there  is  a  ftrong  light,  he  cannot  diftinguifh  objects  that  are 
placed  in  the  (hade  ;  nor  can  he  fee  any  thing  upon  going  imme¬ 
diately  into  a  place  where  there  is  very  little  light.  It  is  plain, 
therefore,  that  the  a&ion  of  a  ftrong  light  upon  the  eye,  and  al- 
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fo  the  impreffion  which  it  leaves  upon  it,  makes  it  infenfible  to 
the  effed:  of  a  weaker  light.  M.  Bouguer  had  the  curiofity  to 
endeavour  to  afcertain  the  proportion  between  the  intenfities  of 
the  two  lights  in  this  cafe  j  and  by  throwing  the  light  of  two 
equal  candles  upon  a  board,  he  found  that  the  jfhadow  made  by 
intercepting  the  light  of  one  of  them,  could  not  be  perceived  by 
his  eye,  upon  the  place  enlightened  by  the  other,  at  little  more 
than  eight  times  the  diflance ;  from  whence  he  concluded  that 
when  one  light  is  eight  times  eight,  or  64  times  lefs  than  ano¬ 
ther,  its  prefence  or  abfence  will  not  be  perceived.  He  allows, 
however,  that  the  effedt  may  be  different  on  different  eyes,  and 
fuppofes  that  the  boundaries  in  this  cafe,  with  refpedt  to  diffe¬ 
rent  perfons,  may  lie  between  60  and  80.* 

Applying  the  two  tubes  of  his  inftrument,  mentioned  above, 
to  meafure  the  intenfity  of  the  light  reflected  from  different  parts 
of  the  fky  ;  he  found  that  when  the  fun  was  25  degrees  high, 
the  light  was  four  times  ftronger  at  the  dillance  of  eight  or  nine 
degrees  from  his  body,  than  it  was  at  31  or  32  degrees.  But 
what  ftruck  him  the  molt  was  to  find  that,  when  the  fun  is  15 
or  20  degrees  high,  the  light  decreafes  on  the  fame  parallel  to 
the  horizon  to  no  or  120  degrees,  and  then  increafes  again  to 
the  place  exadlly  oppoiite  to  the  fun.§ 

The  light  of  the  fun,  our  author  obferves,  is  too  ftrong,  and 
that  of  the  flars  too  weak,  to  determine  the  variation  of  their 
light  at  different  altitudes  ;  but  as,  in  both  cafes,  it  mult  be  in 
the  fame  proportion  with  the  diminution  of  the  light  of  the 
moon,  in  the  fame  circumflances,  he  made  his  obfervations  on 
that  luminary,  and  found  that  its  light  at  190  16',  is  to  its  light 
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at  66°  ii*,  as  16B1  to  25003  that  is,  the  one  is  nearly  two 
thirds  of  the  other.  He  chofe  thofe  particular  altitudes,  becaufe 
they  are  thofe  of  the  fun  at  the  two  folftices  at  Croific,  where 
he  then  refided.  When  one  limb  of  the  moon  touched  the  ho¬ 
rizon  of  the  fea,  its  light  was  2000  times  lefs  than  at  the  alti¬ 
tude  of  66°  11 '.  But  this  proportion  he  acknowledges  mull  be 
fubjeCt  to  many  variations,  the  atmofphere  near  the  earth  vary¬ 
ing  fo  much  in  its  denfity.*  From  this  obfervation  he  concludes 
that,  at  a  medium,  light  is  diminished  in  the  proportion  of  a- 
bout  2500  to  1681,  in  traverfing  7469  toifes  of  denfe  air.-f* 
Laftly,  our  accurate  philofopher  applied  his  inflrument  to  the 
different  parts  of  the  fun’s  difk,  and  found  that  the  center  is 
confiderably  more  luminous  than  the  extremities  of  it.  As  near 
as  he  could  make  the  obfervation,  it  was  more  luminous  than  a 
a  part  of  the  difk  4ths  of  the  femi-diameter  from  it,  in  the  pro¬ 
portion  of  28  to  35  ;  which,  as  he  obferves,  is  more  than  in  the 
proportion  of  the  fines  of  the  angles  of  obliquity.§  On  the  o- 
ther  hand,  he  obferves  that,  both  the  primary  and  fecondary 
planets  are  more  luminous  at  their  edges  than  near  their  centers.  J 
The  comparifon  of  the  light  of  the  fun  and  moon  is  a  fubjeft 
that  has  frequently  exercifed  the  thoughts  of  philofophers  ;  but 
we  find  nothing  but  random  conjectures,  before  our  author  ap¬ 
plied  his  accurate  meafures  in  this  cafe.  In  general,  the  light  of 
the  moon  is  imagined  to  bear  a  much  greater  proportion  to  that 
of  the  fun  than  it  really  does  3  and  not  only  are  the  imaginations 
of  the  vulgar,  but  thofe  of  philofophers  alfo  impofed  upon  with 
refpeCt  to  it.  It  was  a  great  furprife  to  M.  De  la  FI  ire  to  find 
that  be  could  not,  by  the  help  of  any  burning  mirror,  colleCt 
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the  beams  of  the  moon  in  a  fufficient  quantity  to  produce  the 
leaf!  fenfible  heat.*  Other  philofophers  have  fince  made  the  like 
attempts  with  mirrors  of  greater  power,  though  without  any 
greater  fuccefs  5  but  this  will  not  furprize  us,  when  we  fee  the 
refill t  of  M.  Bouguer’s  obfervations  on  this  fubjed. 

In  order  to  folve  this  curious  problem,  concerning  the  com- 
parifon  of  the  light  of  the  fun  and  moon,  he  compared  each  of 
them  to  that  of  a  candle  in  a  dark  room,  one  in  the  day  time, 
and  the  other  in  the  night  following,  when  the  moon  was  at  her 
mean  diftance  from  the  earth  ;  and,  after  many  trials,  he  con¬ 
cluded  that  the  light  of  the  fun  is  about  300000  times  greater 
than  that  of  the  moon  ;  which  is  fuch  a  difproportion,  that,  as 
he  obferves,  it  can  be  no  wonder  that  philofophers  have  had  fo 
little  fuccefs  in  their  attempts  to  colled  the  light  of  the  moon 
with  burning  glaffes.  For  the  larged  of  them  will  not  increafe 
the  light  1 000  times,  which  will  dill  leave  the  light  of  the  moon, 
in  the  focus  of  the  mirror,  300  times  lefs  than  the  intenfity  of 
the  common  light  of  the  fun. 

To  this  account  of  the  proportion  of  the  light  which  we  adual- 
ly  receive  from  the  moon,  it  cannot  be  difpleafing  to  my  reader 
if  I  compare  it  with  the  quantity  which  would  have  been  trans¬ 
mitted  to  us  from  that  opaque  body,  if  it  refleded  all  the  light 
it  receives.  Dr.  Smith  thought  that  he  had  proved,  from  two 
different  confiderations,  that  the  light  of  the  full  moon  would 
be  to  our  day  light  as  one  to  about  90900,  if  no  rays  were  lod 
at  the  moon. 

In  the  firft  place  he  fuppofes  that  the  moon,  enlightened  by 
the  fun,  is  as  luminous  as  the  clouds  are  at  a  medium.  He 
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therefore  fuppofed  the  light  of  the  fun  to  be  equal  to  that  of  a 
whole  hemifphere  of  clouds,  or  as  many  moons  as  would  cover 
the  furface  of  the  heavens.*  But  upon  this  I  would  obferve 
that,  it  is  true  that  the  light  of  the  fun,  ftiining  perpendicular¬ 
ly  upon  any  furface,  would  be  equal  to  the  light  refleded  from 
the  whole  hemifphere,  if  every  part  of  it  refleded  all  the  light 
that  fell  upon  it ;  but  the  light  that  would,  in  fad,  be  received 
from  the  whole  hemifphere  (part  of  it  being  received  obliquely) 
would  be  only  one  half  as  much  as  would  be  received  from  the 
whole  hemifphere,  if  every  part  of  it  {hone  diredly  upon  the 
furface  to  be  illuminated. 

In  his  Remarks ,  p.  17,  he  draws  the  fame  conclufton  from  a 
different  method  of  induction  ;  but  in  this  cafe  alfo  he  made  a 
miftake  of  one  half,  fuppoftng  all  the  enlightened  hemifphere  of 
the  moon  to  receive  the  dired  rays  of  the  fun  ;  whereas,  in  fad:, 
no  more  can  be  received  than  would  fall  perpendicularly  on  the 
fuperficial  fedion  of  one  great  circle,  which  is  juft  one  half  of 
the  furface  of  the  hemifphere. 

Mr.  Michell  made  this  computation  in  a  much  more  Ample 
and  eafy  manner,  and  in  which  there  is  much  lefs  danger  of  fal¬ 
ling  into  any  miftake.  Confidering  the  diftance  of  the  moon 
from  the  fun,  and  that  the  denftty  of  the  light  rauft  decreafe  in 
the  proportion  of  the  fquare  of  that  diftance,  he  calculated  the 
denftty  of  the  fun’s  light,  at  that  diftance,  in  proportion  to  its 
denftty  at  the  furface  of  the  fun  ;  and  in  this  manner  he  found 
that,  if  the  moon  refleded  all  the  light  it  receives  from  the  fun, 
it  would  only  be  the  45000th  part  of  the  light  we  receive  from 
that  greater  luminary.  Admitting,  therefore,  with  M.  Bouguer, 
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that  the  moon  reflects  only  a  300000th  part  of  it,  Mr.  Michell 
concludes,  that  it  refledts  no  more  than  between  the  6th  and 
7th  part  of  the  light  that  falls  upon  it.* 


SECTION  VIII. 


Of  the  properties  of  ISLAND  CRYSTAL. 


BESIDES  thofe  properties  of  the  rays  of  light,  by  which 
they  are  difpofed  to  be  reflected,  refradted,  and  infledted, 
they  may  be  poffeffed  of  many  other  properties,  refpedting  bo¬ 
dies,  independent  of  thefe  ;  by  which  means  the  mutual  adtion 
between  light  and  bodies  may  be  exceedingly  various.  Some 
new  and  remarkable  properties  of  light  have  been  difcovered  by 
means  of  IJland  cryftal ;  for  the  plain  inference  from  the  experi¬ 
ments  which  have  been  made  on  the  refradtive  power  of  this  ex¬ 
traordinary  foffil  is,  that  different  fides  of  the  rays  are  poffeffed  of 
different  properties.  The  fadts  which  led  the  way  to  this  difco- 
Very  were  firfl  noticed  by  Erafmus  Bartholin,  and  the  greatefl 
number  of  obfervations  were  made  by  M.  Huygens ;  but  fince 
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the  probable  caufe  of  them  was  not  fuggefted  before  Sir  Ifaac 
Newton,  and  fome  obfervations  on  the  fubjedt  have  been  made 
fince  his  time,  I  have  chofen  to  give  the  whole  hiftory  in  one 
view,  and  to  place  it  in  the  prefent  period. 

Bartholin  obferves  that  the  figure  of  the  Ifland  cryfial  is  rhom- 
boidal,  and  that  its  parts,  when  it  is  broken,  are  of  the  fame 
figure,  excepting  one  cafe,  in  which  it  exhibits  a  triangular  py¬ 
ramid.*  Meafuring  the  angles  of  this  fubfiance,  which  is  re- 
prefented  fig.  130  he  found  the  obtufe  angle  to  be  101  degrees, 
and  the  acute  790. 

Placing  the  bafe  of  a  piece  of  this  cryfial  upon  the  objedt  B  or 
A,  fig.  1 30  ;  and  looking  at  it  through  the  whole  thicknefs 
of  the  piece,  with  his  eye  above  it,  he  was  furprized,  he  fays,  to 
obferve  two  diftindt  images  of  them ;  B  appearing  both  at  G 
and  H,  and  A  at  CD  and  EF.  The  difiance  between  thefe  two 
images  of  the  fame  objedt  was  greater  in  proportion  to  the  thick¬ 
nefs  of  the  piece  of  cryfial,  through  which  it  was  viewed,  fo 
that,  in  very  thin  pieces,  the  images  nearly  coincided.-^  Look¬ 
ing  intently  upon  two  images  of  the  fame  objedt,  he  conceived 
that  that  which  was  farther  from  his  eye  was  more  elevated  than 
the  other. 

In  one  pofition  of  the  eye,  he  found  that  the  objedt  appeared 
fingle,  as  through  any  other  pellucid  medium,  and  in  fome  other 
pofitions  he  perceived  no  lefs  than  fix  images  ;  but  this  he  con- 
jedtured  was  when  the  images  were  refledted  from  the  lides  of  the 
cryfial,  fo  as  to  reach  the  eye  at  the  fame  time  with  thofe  which 

*  Perhaps  Bartholin  had  feen  the  foffil  under  this  form  in  the  complete  cryftals,  before 

they  were  broken  ;  for  this  is  the  form  which  they  aifedt  when  they  are  complete. 

f  Experimenta  Cryftalii,  p.  13. 
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were  feen  by  the  diredt  rays  ;  and  when  one  image  only  could  be 
feen  ;  he  concluded  that  the  other  was  fo  circumftanced,  as  not 
to  reach  the  eye.  Perhaps  this  might  be  when  the  rays  pafifed 
through  a  place  in  which  the  feveral  cryftallizations  interfered 
with  one  another.  * 

The  diftance  between  the  two  images  of  any  objedt  was  the 
greateft  when  it  was  placed  in  a  line  that  bifedted  the  two  acute 
angles  of  the  figure. 

If  the  cryfbal  was  turned  round  upon  any  objedt,  he  perceived 
that  one  of  the  images  was  fixed,  while  the  other  performed  a 
revolution  about  it.  He  found  it  pofiible,  however,  to  turn  it 
in  fuch  a  manner,  as  that  either  of  the  images  would  be  fixed 
while  the  other  was  moveable ;  or  he  could  make  them  both  move. 
He  obferved  that  it  was  with  refpedt  to  one  of  thefe  images  only, 
that  a  ray  of  light  falling  perpendicularly  upon  a  tranfparent  me¬ 
dium  is  fubjedt  to  no  refradtion.  He  alfo  obferved  that  the  un- 
ufual  refradtion  of  this  fubftance  was  regulated  by  a  line  parallel 
to  the  fides  of  it,  whereas  the  ufual  refradtion  was  regulated  by 
a  line  perpendicular  to  its  furface.§ 

The  fine  of  the  angle  of  incidence  to  that  of  the  ufual  refrac¬ 
tion  of  this  cryflal,  he  found  to  be  as  five  to  three. 

When  this  philofopher  comes  to  confider  the  caufe  of  this  re¬ 
markable  property  of  Ifland  cryflal,  he  has  nothing  better  to  pro- 
pofe  than  a  conjedture,  that  it  may  be  occafioned  by  the  difpofi- 
tion  of  the  pores  through  which  the  light  is  tranfmitted. 

The  fpecimens  of  this  flone  which  our  author  examined,  were 
brought  from  Iceland,  and  the  beft  of  them  came  from  a  high 
mountain  near  the  bay  called  Roerford,  from  whence  pieces  were 
fometimes  dug  of  a  foot  thick. 

*  Experimenta  Cry fl alii,  p.  17,  §  lb.  p.  2!,  31,  32. 
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M.  Huygens  made  confiderable  additions  to  the  obfervations 
of  Bartholin  on  the  optical  properties  of  Ifland  cryftal.  He  was 
alfo  much  more  accurate  in  his  defcription  of  them,  which  are 
as  follows.  Let  ABFE,  fig.  131,  be  a  fragment  of  this  cryftal, 
and  let  the  obtufe  angle  ACB  be  equally  divided  by  the  right 
line  CG.  If,  then,  we  conceive  the  cryftal  to  be  cut  by  a  plane 
palling  through  this  line  and  CF,  the  feCtion  will  be  GCFH. 
This  he  calls  the  principal  feBion  of  the  cryftal,  as  being  moft 
neceflary  in  explaining  the  properties  of  it  with  refpeCt  to 
light. 

If  the  furface  AB  be  covered,  and  only  a  fmall  aperture  be 
left,  at  the  point  K,  in  the  right  line  CG,  and  the  cryftal  be  fo 
placed,  as  that  the  light  of  the  fun  fhall  fall  perpendicularly  up¬ 
on  that  furface,  the  ray  IK  will  be  divided  into  two,  part  of  it 
going  ftraight  forwards  in  KL,  and  another  part  going  in  the 
direction  KM,  in  the  plane  CGHF  ;  being  drawn  towards  the 
obtufe  angle  C,  and  making  with  KL  an  angle  of  about  6°  40'. 
When  the  ray  KM  has  been  tranfmitted  through  the  cryftal,  it 
proceeds  in  the  line  MZ,  parallel  to  IK.  As  by  means  of  the 
unufual  refraction,  the  point  M  is  feen  by  theftefraCted  ray  MKI, 
fo  the  point  L,  by  a  fimilar  refraCtion,  muft  neceflarily  be  feen 
by  the  refraCted  ray  LRI,  fo  that  LR  may  be  nearly  parallel  to 
MK,  provided  the  diftance  of  the  eye  be  very  great.  But  fince 
the  point  L  is  alfo  feen  by  the  ufual  refraction,  in  the  line  IK, 
it  muft  neceftarily  appear  double.  For  the  fame  reafon,  if  L  be 
a  fmall  hole  in  the  paper,  or  any  other  fubftance  that  is  applied 
clofe  to  the  cryftal,  and  the  cryftal  be  held  to  the  light,  two  holes 
will  appear,  which  will  be  farther  from  one  another  in  propor¬ 
tion  to  the  thicknefs  of  the  crvftal. 
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Tf  the  cryftal  was  placed  fo  that  the  incident  ray  NO,  in  the 
plane  GCFH,  make  an  angle  of  730  20r  with  the  line  CG,  fo 
as  to  be  nearly  parallel  to  the  fide  CF,  which  makes  an  angle 
of  70°  57'  with  the  fide  FH,  he  found  by  calculation,  that 
the  ray  would  be  divided  at  O,  into  two  parts,  one  of  which  will 
proceed  in  a  ftraight  line  OP,  without  differing  any  refradlion, 
either  at  its  entrance  or  exit ;  whereas  the  other  part  will  be  re- 
fradted  info  the  line  OQ^  And  he  found  it  to  be  peculiar  to  the 
plane  GCFPI,  and  its  parallels,  that  all  incident  rays  keep  in 
the  fame  plane  after  they  divide  within  the  cryftal;  but  that  this 
is  not  the  cafe  with  rays  in  the  plane  of  any  other  fedlion.* 

Having  carefully  examined  the  ufual  refraction  of  this  cryftal, 
and  having  found  fufficient  reafon,  to  acquiefce  in  the  conclusion 
of  Bartholin,  who  determined  it  to  be  as  five  to  three,  with  re- 
fpedl  to  the  fine  of  the  angle  of  incidence  ;  with  the  fame  care 
he  endeavoured  to  afcertain  the  proportion  of  the  unufnal  refrac¬ 
tion  ;  and  having  found  the  point  H  perpendicularly  over  ano¬ 
ther  point  E,  in  the  bafe  of  the  cryftal,  fig.  132,  he  obferved 
the  appearance  of  the  line  CD,  which  is  formed  by  the  unufual 
refradlion  of  the  ray  ED,  and  the  eye  being  fo  placed  in  Q^that 
that  apparent  line  made  a  right  line  with  KL,  leen  without  re¬ 
fradlion,  he  found  the  triangles  REH,  RES  and  alfo  the  angles 
RSH  and  RES,  which  the  incident  and  refradled  rays  make 
with  the  perpendicular  ;  but  he  found  that  in  this  refradlion 
the  ratio  of  ER  to  RS  was  not  conftant,  as  in  the  ufual  refrac¬ 
tion,  but  varied  with  the  inclination  of  the  incident  ray. 

He  alfo  obferved  that  when  QRE  made  a  right  line,  that  is 
when  the  incident  ray  entered  the  cryftal,  without  fuffering  any 

*  Hugenii  Opera,  Vol.  3,  p.  41,  &c. 
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refraCtion  (which  he  knew  by  the  point  E,  feen  by  the  common 
refraction,  being  in  the  line  CD,  feen  without  refraCtion)  the 
angle  QRG  contained  73 0  20',  fo  that  it  is  not  a  ray  parallel  to 
the  fide  of  the  cryltal,  which  is  tranfmitted  through  it  without 
refraCtion,  as  Bartholin  concluded,  fince  it  has  an  inclination  of 
7°Q  57 '•  This  he  thought  it  proper  to  take  notice  of,  leaft  it 
Ihould  be  imagined  that  the  lingular  property  of  this  ray  depends 
upon  its  parallelifm  to  the  fide  of  the  cryltal. 

Purfuing  his  obfervations  on  this  remarkable  property  of  Illand 
cryltal,  he  found  that  its  unufual  refraCtion  was  according  to  the  fol¬ 
lowing  rule.  If  GCFH,  fig.  133,  be  the  fame  feCtion  of  the  cryltal 
that  was  before  expreffed  by  the  fame  letters  when  the  incidences 
of  two  rays,  coming  from  oppofite  lides,  are  equal,  as  VKSK,  the 
lines  into  which  they  will  be  refraCted,  KX  and  KT,  will  meet 
the  line  HF  ;  fo  that  the  point  X  and  T  will  be  equally  diltant 
from  the  point  M,  on  which  the  refraCted  perpendicular  ray  IK 
will  fall.*  But  the  refractions  of  any  other  feCtion  of  this  cry¬ 
ltal  have  this  remarkable  property,  that  the  refraCted  rays  always 
go  out  of  the  plane  of  the  incident  ray  perpendicular  to  the  fu- 
perficies,  turning  towards  that  fide  to  which  the  cryltal  inclines. § 

Laltly,  he  found  that  if  two  pieces  of  this  cryltal  were  placed 
fo  that  fome  fpace  was  betwixt  them,  and  their  lides  were  paral¬ 
lel  to  one  another,  if  any  ray  of  light,  as  AB,  fig.  134,  was 
divided  in  the  firlt  piece,  as  into  BD  and  BC,  one  of  thefe  lines 
being  according  to  the  ufual  refraCtion,  and  the  other  the  unu- 
fual  one,  that  neither  of  thefe  parts  of  the  ray  would  be  divided 
in  palling  through  the  next  piece ;  but  that  which  had  differed 
the  ufual  refraCtion,  as  DG,  would  be  refraCted  in  the  ufual 


*  Huygenii  Opera,  Vol.  3,  p.  44.  §  lb.  p.  56. 

V  y  y 


manner 


I 


554  THE  PROPERTIES  Per.  VI. 

manner  only,  in  GH,  and  the  other  part  CE,  would  fuffer  the 
irregular  refraction  only,  in  FF.  The  fame  thing  happens,  he 
fays,  not  only  in  this  difpofition  of  the  cryftals,  but  alfo  in  e- 
very  other  polition,  in  which  the  principal  fedtion  of  each  piece 
is  in  the  fame  plane ;  nor  is  it  necefiary  that  the  two  furfaces, 
which  are  oppofite  to  one  another,  be  parallel. 

If  the  cryftals  be  fo  difpofed,  that  the  planes  of  the  principal 
feCtions  be  at  right  angles  to  one  another,  whether  the  furfaces 
that  are  placed  oppoftte  to  one  another  be  parallel  or  not,  the  ray 
which  iftues  from  the  firft  piece,  according  to  the  regular  re¬ 
fraction,  as  DG,  fig.  135,  fuffers  the  unufual  refraction 
only  in  the  next  piece  and,  on  the  contrary,  the  ray  which  if- 
fued  from  the  firft  piece  by  the  irregular  refraction,  as  CE,  will 
fuffer  the  regular  refraCtiou  only  in  the  next  piece. 

In  the  innumerable  other  pofitions,  befides  thofe  above  men¬ 
tioned,  the  rays  DG  and  CE  are  again  divided  into  two  parts,  by 

t  __ 

the  refraCtion  of  the  fecond  piece  of  cryftal ;  fo  that  from  the 
original  ray  AB  four  will  be  formed,  fometimes  all  of  them  e- 
qually  luminous,  and  fometimes  fome  of  them  will  be  brighter 
than  others,  according  to  the  different  pofitions  of  either  of  the 
cryftals.* 

This  remarkable  property  of  a  double  refraction,  our  author 
found  not  to  be  peculiar  to  the  Ifland  cryftal.  He  obferved  it  in 
the  common  rock  cryftal,  though  lefs  evidently  ;  for  when  he 
had  got  feveral  fruftums  of  it,  cut  into  fmooth  prifms,  in  diffe¬ 
rent  fe&ions,  he  obferved  in  each  of  them,  through  which  he 
looked  at  the  flame  of  a  candle,  or  the  leads  of  his  window,  that 
all  objects  appeared  double,  though  the  images  were  but  a  little 

*  Huygenii  Opera,  Vol.  3,  p.  68. 
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diftant  from  one  another.  By  this  experiment  he  clearly  faw  the 
reafon  why  a  fubftance  fo  tranfparent  as  cryftal  is  not  fit  to  be 
ufed  in  long  telefcopes. 

Sir  Ifaac  Newton  doth  not  feem  to  have  made  any  original  ob^ 
fervations  on  the  properties  of  Ifland  cryftal,  but  he  firft  fuggeft- 
ed  the  moft  probable  method  of  accounting  for  the  faCts  above 
mentioned,  viz.  on  the  principle,  that  different  fides  of  the  rays 
of  light  are  pofieffed  of  different  properties. 

Having  recited  the  principal  of  the  obfervations  that  were  be¬ 
fore  quoted  from  Bartholin  and  M.  Huygens  on  this  fubjeCt, 
he  concludes  from  them,  that  there  is  an  original  difference  in 
the  rays  of  light ;  by  means  of  which  fome  rays  are  conftantly 
refracted  after  the  ufual,  and  others  after  the  unufual  manner. 
For,  fays  he,  if  the  difference  be  not  original,  but  arifes  from 
new  modifications,  impreffed  on  the  rays  at  their  firft  refraction, 
it  would  be  altered  by  new  modifications  in  the  three  following 
refractions  j  whereas  it  fuffers  no  alteration,  but  is  conftant,  and 
has  the  fame  effeCt  upon  the  rays  in  all  the  refractions.  The 
unufual  refraCtion  he,  therefore,  concludes  is  performed  by  an 
original  property  of  the  rays,  and  it  remains  to  be  inquired  whe¬ 
ther  the  rays  have  not  more  original  properties  than  are  yet 
difcovered. 

Have  not  the  rays  of  light,  fays  he,  feveral  fides,  endued 
with  feveral  original  properties.  For  if  the  planes  of  perpendi¬ 
cular  refraCtion  of  the  fecond  cryftal  be  at  right  angles  with  the 
planes  of  perpendicular  refraCtion  of  the  firft  cryftal,  the  rays 
which  are  refraCted  after  the  ufual  manner,  in  palling  through 
the  firft  cryftal,  will  be  all  of  them  refraCted  after  the  unufual 
manner  in  pafiing  through  the  fecond  cryftal  and  the  rays  which 

y  y  y  2 
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are  refradted  after  the  unufual  manner  in  paffing  through  the  firft 
cryftal,  will  be  all  of  them  refradted  after  the  ufual  manner  in 
paffing  through  the  fecond  cryftal.  There  are  not,  therefore, 
two  forts  of  rays  differing  in  their  nature  from  one  another,  one 
of  which  is  conftantly,  and  in  all  politions,  refradted  after  the 
ufual  manner,  and  the  other  conftantly  and  in  all  pofitions  after 
the  unufual  manner  ;  for  the  difference  between  them  was  only 
in  the  pofitions  of  the  tides  of  the  rays  to  the  planes  of  perpen¬ 
dicular  refradtion  ;  and  one  and  the  fame  ray  is  refradted  fome- 
times  after  the  ufual,  and  fometimes  after  the  unufual  manner, 
according  to  the  pofition  in  which  the  fides  are  to  the  cryftals. 

Every  ray,  therefore,  may  be  confidered  as  having  four  fides, 
two  of  which,  oppofite  to  one  another,  incline  the  ray  to  be  re¬ 
fradted  after  the  unufual  manner,  and  the  other  two  after  the  u- 
fual  manner.  And,  fince  thefe  difpofitions  were  in  the  rays  be¬ 
fore  their  incidence  on  the  fecond,  third,  and  fourth  furfaces  of 
the  two  cryftals,  and  differed  no  alteration  by  their  refradtion  ; 
and  fince  they  were  refradted  by  the  fame  laws  at  all  the  four  fur- 
faces,  it  appears  that  thofe  difpofitions  were  originally  in  them.* 

Father  Beccaria  corredts  the  obfervations  of  M.  Huygens  and 
Sir  Ifaac  Newton  concerning  the  refradtion  of  rock  cryftal,  which 
they  had  not  examined  with  fo  much  attention  as  they  had  given 
to  the  Bland  cryftal.  The  double  refradtion  of  the  Bland  cry¬ 
ftal,  he  fays,  is  when  the  ray  is  tranfmitted  through  two  paral¬ 
lel  fides,  and  therefore  iffues  colourlefs ;  whereas  the  double  re¬ 
fradtion  of  the  rock  cryftal  is  through  two  fides  that  are  inclin¬ 
ed  to  one  another,  which  makes  the  ray  iffue  coloured.  He 
concludes  his  obfervations  with  a  query,  whether  there  be  not 


*  Newton’s  Opticks,  p.  335, 
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other  fubftances,  beftdes  thefe  two  ipecies  of  cryftal,  in  which 
there  is  a  manifold  refraction.  Gravefende,  he  fays,  had  a 
prifm  made  of  a  Brafil  pebble,  which  had  a  double  refraCtion  at 
each  angle,  but  of  a  different  kind  from  one  another.  He  alfo 
adds  feveral  other  queries  upon  the  fubjeCt.* 

We  are  indebted  to  that  induftrious  philofopher  Mr.  B.  Mar¬ 
tin  for  feveral  additional  obfervations  on  the  refraCtive  power  of 
Ifland  cryftal,  fince  thofe  of  M.  Huygens  and  Sir  Ifaac  Newton. 
He  obferves  that,  though  Bland  cryftal  is  of  a  talcky  nature,  and 
much  fofter  than  glafs,  yet  it  will  take  a  polifh  little  inferior  to 
that  of  glafs,  at  leaft  that  it  anfwers  for  all  purpofes  and  experi- 
mants  of  prifms,  feveral  of  which  he  made  and  (hewed  in  his 
public  leCtures. 

By  thefe  prifms  it  appears,  he  fays,  that  there  is  not  only  a 
doublet  but  a  multuple  refraCtion  in  Bland  cryflal.  For  fome  of 
thefe  prifms,  held  in  a  beam  of  the  fun’s  light,  will  feparate  it 
into  two  only,  each  of  which  produces  a  coloured  image  above 
that  of  the  fun,  much  larger,  and  the  colours  more  vivid  than  in 
thofe  of  glafs  prifms  of  the  fame  refracting  angle.  And  the  re¬ 
fraction  is  fo  nearly  equal  in  the  two  beams,  that  fcarce  any  dif¬ 
ference  can  be  feen  in  the  coloured  images  they  make  of  the  fun, 
a  candle,  or  other  objeCt. 

Again,  fome  prifms  feparate  the  folar  ray  into  four  parts,  or 
particular  beams  of  coloured  light,  which  make  four  images 
of  the  fun,  all  nearly  equally  coloured,  and  ftrong.  Thefe  prifms 
make  every  objeCt  feen  through  them  appear  four,  and  each  one 
coloured,  as  in  a  glafs  prifm. 

Some  other  pieces  of  Bland  cryftal  afford  prifms  with  a  fex- 
tuple  power  of  refraCtion,  for  they  will  divide  a.  beam  of  the  fun’s 

*  Phil.  Tranf.  Vol.  52,  p.  489. 
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light  into  fix  feparate  coloured  beams,  and,  confequently,  fhew 
as  many  coloured  images  of  the  fun,  and  of  luminous  bodies 
viewed  through  them.  But  thefe  pieces  of  cryftal  are  not  very 
common.  He  had  feen  but  one  that  was  clear  enough  to  make 
a  good  prifm.  What  he  thought  particularly  remarkable  was, 
that  the  fame  piece  of  Ifland  cryftal  formed  into  two  prifms,  with 
angles  nearly  equal,  would  fhew  through  one  angle  two  images 
only,  but  through  the  other  it  would  exhibit  fix. 

He  had  not  been  able  to  procure  prifms  of  Ifland  cryftal  of 
more  than  a  fextuple,  or  fixfold  refracftion,  fmgly  ufed  ;  but  if 
two  prifms  were  combined,  or  placed  together,  fo  as  either  to 
increafe  the  refra&ing  angle,  or  diminifh  it,  they  became  a  mul¬ 
tiplier,  and  a  multiplicand,  and  produced  a  number  of  images, 
according  to  the  number  in  each  fingly.  Thus  a  prifm  of  two 
images  applied  to  one  of  fix,  produced  a  prifm  of  twelve  images. 
Again  two  prifms  of  four  images,  each  made  a  compound  prifm 
of  fixteen  images.  A  prifm  of  four,  applied  to  a  prifm  of  fix, 
produced  a  prifm  of  twenty  four  images  ;  and  two  prifms  of  fix 
images  each,  compofed  one  that  exhibited  thirty  fix  images. 

But  what  Mr.  Martin  thought  to  be  the  moft  extraordinary  of 
all  the  properties  of  Ifland  cryftal  was,  that  though  the  fides  of 
its  plane  of  perpendicular  refraction  be  parallel  to  one  another, 
a  beam  of  light  tranfmitted  through  them  will  not  be  colourlefs, 
as  is  the  cafe  with  all  other  known  fubftances.  For,  fays  he,  if 
PO,  fig.  136,  be  a  beam  of  the  fun's  rays,  incident  upon  the  firft 
furface  CG  of  the  cryftal,  in  a  dark  room,  then  will  it  be  divided 
into  two,  viz.  OL,  OM.  At  the  oppofite  and  parallel  furface  FH 
there  will  be  another  double,  but  very  different  fort  of  refrac¬ 
tion,  of  each  of  the  two  rays  at  L  and  M.  For  part  of  the 
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ray  OL  will  be  equally  refracted  into  LQ^  parallel  to  the  inci¬ 
dent  ray  PO,  after  the  ufual  manner  in  glafs,  &c.  but  the  other 
part  of  the  fame  ray,  OL,  will  be  unequally  refracted  from  L  to¬ 
wards  T,  as  they  are  in  a  prifm,  according  to  their  different  de¬ 
grees  of  refrangibility  ;  and  therefore  all  the  beam  LT  will  ap¬ 
pear  of  various  coloured  light  in  the  darkened  room.  After  the 
fame  manner,  on  the  other  part,  the  beam  OM  will  be  equally 
and  unequally  refradted  into  the  two  parts  MR,  parallel  to  PO, 
j^and  MS,  confining  of  coloured  light  diverging  from  the  point  M. 

By  thefe  three  beams,  refradted  from  the  fecond  furface  of 
the  cryftal,  there  would  be  three  different  images  of  the  hole  at 
P,  through  which  the  firft  beam  entered  the  room.  For  by  the 
rays  refradted  in  the  ufual  manner  in  LQ^  and  MR,  the  hole 
would  have  a  double  image  at  Qjmd  R,  on  the  fcreen,  but  in- 
tirely  colourlefs,  at  the  diftance  equal  to  LM,  in  the  correfpond- 
ing  parts  from  each  other. 

But  the  other  two  rays,  LT,  MS,  painted  each  of  them,  a 
coloured  image  of  the  hole  in  the  fhutter,  at  fuch  a  diftance  on 
either  fide,  as  made  the  angles  TLQ^  RMS  of  about  five  or  fix 
degrees  and  this  different  refrangibility  of  rays  was  ftridtly  a- 
greeable  to  that  in  glafs,  but  in  a  greater  degree.  By  varioufly 
inclining  the  furface  to  the  incident  ray,  the  angle  of  refradtion 
might  on  each  fide  be  varied,  from  two  or  three  degrees  to  fixty 
or  feventy. 

As  thefe  pieces  of  cryftal  made  three  images,  in  a  right  line, 
in  the  plane  of  perpendicular  refradtion  FCGH,  and  that  in  the 
middle  was  double  ;  fo  he  found  other  pieces  by  which  this  line 
of  three  images  was  refradted  on  each  fide  into  another  line  of 
three  images,  and  the  middle  line  of  images  was  doubled ;  fo 
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that,  upon  the  whole,  there  were  no  lefs  than  twelve  diftindt 
images  of  the  hole  of  thewindow-fhutter,  formed  upon  the  fcreen, 
by  twelve  feparate  rays  of  light,  regularly  refradted  through  the 
cryftal,  terminated  by  parallel  fides. 

But  that  this  curious  optical  phenomenon  mightj  be  more 
clearly  apprehended,  he  reprefented  it  to  the  eye  in  fig.  137, 
where  the  images  at  1,  2,  3,  are  thofe  in  the  line  juft  mention¬ 
ed,  and  which,  in  this  piece  of  cryftal,  became  doubled  in  the 
images  4,  5,  and  6.  This  line  was  alfo  refradted  fideways, 
fo  as  to  form  three  other  images,  on  each  fide,  as  at  7,  8,  and 
9,  above  and  at  10,  11,  and  12  below,  and  all  in  fo  regular  a 
manner,  as  to  form  a  mathematical  figure,  or  rhombus,  every 
Way  fimilar  to  that  of  the  plane  of  perpendicular  refradtion 
CFHG. 

Thefe  images  were  all  of  them  tinged  with  a  variety  of  co¬ 
lours,  except  the  two  central  ones,  at  2  and  5,  which  appeared 
nearly  as  white  as  before.  They  were  not  equally  coloured, 
however;  for  fome  were  almoft  wholly  red,  others  yellow,  o- 
thers  green,  blue,  or  violet,  according  as  the  inclination  of  the 
furface  to  the  incident  ray  was  varied.  The  two  images  at  9 
and  10,  in  the  acute  angles,  were  very  faint,  and  unlefs  the 
objedt  was  very  bright,  as  the  fun,  a  candle,  &c.  could  not  be 
feen. 

If  the  cryftal  was  turned  round  on  its  axis,  the  whole  fyftem  of 
images  moved  round  with  it,  as  in  other  cafes,  conftantly,  with 
the  red  part  of  each  image  towards  the  central  hole  or  beam, 
and  the  violet  the  moft  remote  from  it.  l 

If  prifms  of  two,  four,  or  fix  images  were  fucceftively  applied 
to  the  parallelopiped  of  cryftal,  they  would  multiply  the  num- 
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ber  of  images  accordingly  in  the  rhombus,  and  produce  twenty- 
four,  forty-eight,  and  feventy-two  images  of  the  fun,  or  a  candle, 
the  greateft  part  of  which  would  be  very  diftindt,  and  completely 
tinged  with  regular  prifmatic  colours,  fo  as  to  compofe  a  kind  of 
natural  girandole  of  painted  luminaries,  infinitely  exceeding  any 
production  or  imitation,  by  the  art  of  glafs.* 

Thefe  are  the  fadts  which  our  author  recites.  To  account  for 
them,  he  owns  himfelf  at  a  lofs  3  but  thinks  that  fome  peculiar 
ftrudture  of  this  fubftance,  hitherto  unobferved,  or  fome  pecu¬ 
liar  modification  of  the  particles  of  light,  which  Newton  him¬ 
felf  was  not  apprized  of,  muft  be,  in  part,  the  caufe  of  them, 
and  fufpedts  that,  poflibly,  they  may,  in  fome  meafure,  be  owing 
to  certain  fine  fiftures,  which  are  vifible  in  fome  polifhed  pieces 
of  this  cryftal,  the  planes  of  which  are  at  right  angles  to  the 
plane  of  perpendicular  refradtion,  and  have  the  fame  inclination 
with  the  right  line  CF,  fig.  13I.  Thefe  fiftures  are  diftinguifh- 
ea  by  rings  of  coloured  light,  and  each  of  them  fevers  from  the 
parallelopiped  an  equiangular  prifm.  They  had  not  been  men¬ 
tion  byM.  Huygens  or  Sir  Ifaac  Newton,  and  Mr.  Martin  never 
met  with  more  than  one  piece  that  {hewed  them  very  diftindtly. 
They  are  reprefented  in  fig.  139,  by  the  feveral  dotted  parallel 
lines,  fuch  as  their  interfedtions  appear  to  make  with  the  furface 
of  the  cryftal,  and  at  right  angles  to  the  plane  of  refradlion  DE. 

It  is  to  be  regretted  that  Mr.  Martin  has  not  been  more  parti¬ 
cular  in  noting  the  circumftances  of  thefe  very  remarkable  ap¬ 
pearances.  At  prefent  we  do  not  even  know  how  to  look  for 
them  again,  as  he  has  neither  mentioned  the  fizes  of  the  refradt- 
ing  angles  of  his  prifms,  nor  the  fituations  of  their  planes  refpec- 


*  Martin’s  EfTay  on  Ifland  cryftal,  p.  13. 
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tively  to  the  native  planes  of  the  cryftal.  It  is  a  coniiderable  ad¬ 
vantage,  however,  that  philofophers  are  now  apprifed  of  thefe 
appearances ;  and  it  is  to  be  hoped  that,  if  they  hit  upon  them 
again,  they  will  attend  more  accurately  to  the  law  of  them,  in 
order  to  trace  their  caufes.  It  is  a  great  hindrance  of  thefe  in¬ 
quiries  that,  befides  the  difficulty  there  is  in  poliffiing  this  cry¬ 
ftal,  it  is  not  eafy  to  procure  pieces  of  it  fufficiently  tranfparent 
for  the  purpofe. 


SECTION  IX. 

qtb.io  »  J-dxA  ru*  tq  -J'usq  Uj  .fLt.  lk>W 

Of  LIGHT  PROCEEDING  FROM  PUTRESCENT  SUB-" 
STANCES,  &c.  an j>  PHOSPHORUS, 


IN  geheral,  a  very  confiderable  degree  of  heat  is  requilite  to 
the  emiffion  of  light  from  any  body  ;  but  there  are  feveral 

« 

exceptions  to  this,  efpecially  in  light  proceeding  from  putrefcent 
fubftances  and  phofphorus,  together  with  that  of  glow-worms, 
arid  other  fimilar  appearances.  Light  proceeding  from  putrefcent 
animal  and  vegetable  fubftances,  as  well  as  from  glow-worms,  is 
mentioned  by  Ariftotle.  Thomas  Bartholin  mentions  four  kinds 
of  luminous  infects,  two  with  wings,  and  two  without;  but  in 
hot  climates  travellers  fay  they  are  found  in  much  greater  num¬ 
bers,  and  of  different  fpecies.  Columna,  an  induftrious  na- 
turalift,  obferves  that  their  light  is  not  extinguiftied  immediate¬ 
ly  upon  the  death  of  the  animal.* 


*  Bartholin  De  Luce  Animalium,  p.  206. 
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The  firft  diftindt  account  that  we  meet  with  of  light  proceed¬ 
ing  from  putrefcent  animal  flefh  is  that  which  is  given  by  Fabri- 
cius  Ab  Aquapendente,  who  fays,  that  when  three  Roman 
youths,  refiding  at  Padua,  had  bought  a  lamb,  and  had  eaten 
part  of  it  on  Eafterday  1592,  feveral  pieces  of  the  remainder, 
which  they  kept  till  the  day  following,  fhone  like  fo  many 
candles,  when  they  were  cafually  viewed  in  the  dark.  Part  of 
this  luminous  flefh  was  immediately  fent  to  Aquapendente,  who 
was  profeflfor  of  anatomy  in  that  city.  He  obferved  that  both 
the  lean  and  the  fat  of  this  meat  fhone  with  a  whitifh  kind  of 
light,  and  alfo  took  notice  that  fome  pieces  of  kid’s  flefh,  which 
had  happened  to  have  lain  in  contadt  with  it,  was  luminous,  as 
well  as  the  fingers,  and  other  parts  of  the  bodies  of  thofe  per¬ 
form  who  touched  it.*  Thofe  parts,  he  obferved,  fhone  the  mod 
which  were  foft  to  the  touch,  and  feemed  to  be  tranfparent  in 
candle  light ;  but  where  the  flefh  was  thick  and  folid,  or  where 
a  bone  was  near  the  outfide,  it  did  not  fhine.  *f* 

After  this  appearance,  I  find  no  account  of  any  other  fimilar 
to  it,  before  that  which  was  obferved  by  Bartholin,  and  of  which 
he  gives  a  very  pompous  defcription  in  his  ingenious  treatife  De 
Luce  Animalium.  This  happened  at  Montpelier  in  1641,  when, 
a  poor  old  woman  had  bought  a  piece  of  flefh  in  the  market,  in¬ 
tending  to  make  ufe  of  it  the  day  following.  But  happening  not 
to  be  able  to  fleep  well  that  night,  and  her  bed  and  pantry  be¬ 
ing  in  the  fame  room,  fhe  obferved  fo  much  light  to  come  from 
the  flefh,  as  to  illuminate  all  the  place  where  it  was  hung.  A 
part  of  this  luminous  flefh  was  carried  as  a  curiofity  to  Henry 
Bourbon,  Duke  of  Conde,  the  governor  of  the  place,  who 
viewed  it  for  feveral  hours,  with  the  greatefl:  aflonifhment. 

*  Bartholin  De  Luce  Animalium,  p.  183.  f  Aquapendente  De  Vilione,  &c.  p.  45. 
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This  light  was  obferved  to  be  whitifh,  and  not  to  cover  the 
whole  furface  of  the  flefh,  but  certain  parts  only,  as  if  gems  of 
unequal  fplendor  had  been  fcattered  over  it.  This  flefh  was  kept 
till  it  began  to  putrify,  when  the  light  vanifhed,  which,  as  fome 
religious  people  fancied,  it  did  in  the  form  of  a  crofs.* 

It  is  natural  to  expedt  that  the  almoft  univerfal  experimental 
philofopher  Mr.  Boyle  fhould  try  the  effedt  of  his  air  pump  up¬ 
on  thefe  luminous  fubftances.  Accordingly  we  find  that  he  did 
not  fail  to  do  it ;  when  he  prefently  found  that  the  light  of  rot¬ 
ten  wood  was  extinguifhed  in  vacuoy  and  revived  again  on  the 
admifiion  of  the  air,  even  after  a  long  continuance  in  vacuo 
but  the  extindtion  of  this  light  was  not  fo  complete  immediate¬ 
ly  upon  exhaufting  the  receiver,  as  fome  little  time  afterwards. 
He  could  not  perceive,  however,  that  the  light  of  rotten  wood 
was  increafed  in  condenfed  air ;  but  this  he  imagined  might  arife 
from  his  not  being  able  to  judge  very  well  of  the  degree  of  light, 
through  fo  thick  and  cloudy  a  glafs  veffel  as  he  then  made  ufe  of ; 
but  I  find  that  the  light  of  a  fiiining  fifh,  which  was  put  into  a 
condenfing  engine  before  the  Royal  Society,  in  1668,  was  ren¬ 
dered  more  vivid  by  that  means. §  The  principal  of  Mr.  Boyle's 
experiments  were  made  in  Odtober  1667. 

This  philofopher  attended  to  a  great  variety  of  circumftances 
relating  to  this  curious  phenomenon.  Among  other  things,  he 
obferved  that  change  of  air  was  not  neceflary  to  the  maintenance 
of  this  light  y  for  it  continued  a  long  time  when  a  piece  of  the 
wood  was  put  into  a  very  fmall  glafs  hermetically  fealed  ; $  and  it 
made  no  difference  when  this  tube  which  contained  the  wood 

f  Bartholin  De  Luce  Animalium,  p.  184.  +  Boyle’s  Works,  Vol.  3,  p.  156. 

§  Birch’s  Hiftory,  Vol,  z,  p.  354.  X  Boyle’s  Works,  Vol,  3,  p.  158. 
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was  put  into  an  exhaufted  receiver.  This  he  alfo  obferved  with 
refpeCt  to  a  luminous  fifti,  which  he  put  into  water,  and  placed 
in  the  fame  circumftances.*  He  alfo  found  that  the  light  of 
Alining  fifties  had  other  properties  in  common  with  that  of  film¬ 
ing  wood;  but  the  latter,  he  fays,  was  prefently  quenched  with 
water,  fpirit  of  wine,  a  great  variety  of  faline  mixtures,  and  o- 
ther  fluids. -f-  Water,  however,  did  not  quench  all  the  light  of 
fome  Ihining  veal,  on  which  he  tried  it,  though  fpirit  of  wine 
deftroyed  its  virtue  prefently. § 

Mr.  Boyle  was  often  difappointed  in  his  experiments  on  Alin¬ 
ing  fifties,  finding  that  they  did  not  always  ftiine  in  the  very 
fame  circumftances,  as  far  as  he  could  judge,  with  others  which 
had  ftiined  before.  At  one  time  that  they  failed  to  ftiine,  ac¬ 
cording  to  his  expectations,  he  obferved  that  the  weather  was 
variable,  and  not  without  fome  days  of  froft  and  fnow.  J  In 
general,  he  made  ufe  of  whitings,  finding  them  the  fitted;  for 
his  purpofe.  ||  I  find,  however,  that,  in  a  difcourfe  upon  this 
fubjedt  at  the  Royal  Society,  in  1681,  it  was  afterted  that,  of  all 
fiftiy  fubftances,  the  eggs  of  lobfters,  after  they  had  been  boiled, 
{hone  the  brighteft.**  Olig.  Jacobceus  obferves,  that,  upon  o- 
pening  a  fea  polypus,  it  was  fo  luminous,  as  to  ftartle  feveral 
perfons  who  faw  it ;  and  he  fays  that  the  more  putrid  the  fifii 
was,  the  more  luminous  it  grew.  The  nails  alfo,  and  the  fin¬ 
gers  of  the  perfons  who  touched  it  became  luminous  ;  and  the 
black  liquor  which  iflued  from  the  animal,  and  which  is  its  bile 
{hone  alfo  ;  but  with  a  very  faint  light.-f  ■ f 

•  Boyle’s  Works,  Vol.  3,  p.  163.  t  lb.  p.  166.  §  lb.  p.  170. 

X  lb.  p.  162,  ||  lb.  p.  163.  **  Birch’s  Hiftory,  Vol.  2,  p.  70. 

ff  Atta  Hafnienfia,  Vol.  5,  p.  282, 
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Mr..  Boyle’s  obfervation  of  light  proceeding  from  flefh  meat 
was  quite  cafual.  On  the  15th  of  February  1672,  one  of  his 
fervants  was  greatly  alarmed  with  the  Ihining  of  fome  veal ,  which 
had  been  kept  a  few  days,  but  had  no  bad  fmell,  and  was  in  a 
Rate  very  proper  for  ufe.  The  fervant  immediately  made  his 
matter  acquainted  with  this  extraordinary  appearance ;  and 
though  he  was  then  in  bed,  he  ordered  it  to  be  immediately 
brought  to  him,  and  he  examined  it  with  the  greateft  attention. 
SufpeCting  that  the  ttate  of  the  atmofphere  had  fome  ttiare  in  the 
production  of  this  phenomenon,  he  takes  notice,  after  defcribing 
the  appearance,  that  the  wind  was  South  Weft,  and  bl uttering, 
the  air  hot  for  the  feafon,  the  moon  was  paft  its  laft  quarter,  and 
the  mercury  in  the  barometer  was  at  29  TV  inches.* 

Mr.  Boyle  draws  a  minute  comparifon  between  the  light  of 
burning  coals  and  that  of  fhining  wood  or  fitti,  ttiewing  in  what 
particulars  they  agree,  and  in  what  they  differ.  Among  other 
things,  he  obferves  that  extreme  cold  extinguifhes  the  light  of 
Aiming  v/ood,  as  appeared  when  a  piece  of  it  was  put  into  a  glafs 
tube,  and  held  in  a  frigorifick  mixture. §  It  is  poflible  that  this 
extreme  cold  might  check  the  putrefaction  which  was  the  caufe 
of  that  light.  Mr.  Boyle  alfo  found  that  rotten  wood  did  not 
watte  itfelf  by  fliining,  and  that  the  application  of  a  thermome¬ 
ter  to  it  did  not  difcover  the  leaft  degree  of  heat.  3  n 

There  is  a  remarkable  fhell  fitti  called  p/jolas,  which  forms 
for  itfelf  holes  in  various  kinds  of  ftone,  &cc.  The  figure  of 
it,  and  of  its  cell,  may  be  feen  Ac.  Par.  1722,  plate  7,  fig.  1.  2. 
That  this  fitti  is  luminous  was  noticed  by  Pliny,  who  obferves 
that  it  fhines  in  the  mouth  of  the  perfon  who  eats  it,  and,  if 

#  Birch’s  Hiftory,  Vol.  2,  p.  169.  §  lb.  p.  166. 
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it  touch  his  hands  or  cloaths  makes  them  luminous.  He  alfo 
fays  that  the  light  depends  upon  its  moijlure.  The  light  of  this 
fifh  has  furnifhecl  matter  for  various  obfervations  and  experi¬ 
ments  to  M.  Reaumur,  and  the  Bolognian  Academicians,  efpe- 
cially  Beccarius,  who  took  fo  much  pains  with  the  fubjedl  of 
phofphoreal  light. 

M.  Reaumur  obferves  that,  whereas  other  fifhes  give  light 
when  they  tend  to  putrefcence,  this  is  more  luminous  in  propor¬ 
tion  to  its  being  frefh;  that  when  they  are  dried  their  light  willrevive 
if  they  be  moiflened,  either  with  frefh  or  fait  water  ;  but  that 
brandy  immediately  extinguifhes  it.  He  endeavoured  to  make 
this  light  permanent,  but  none  of  his  fchemes  fucceeded.* 

The  attention  of  the  Bolognian  Academicians  was  engaged  to 
this  fubjeft  by  M.  F.  Marfilius,  in  1724,  who  brought  a  num¬ 
ber  of  thefe  fifhes,  and  the  ftones  in  which  they  were  inclofed, 
to  Bologna,  on  purpofe  for  their  examination. 

Beccarius  obferved  that,  though  this  fifh  ceafed  to  fhine  when 
it  became  putrid,  yet  that,  in  its  moil;  putrid  flate,  it  would  fhine, 
and  make  the  water  in  which  it  was  immerfed  luminous,  when 
they  were  agitated. *f-  Galeatius  and  Montius  found  that  wine  or 
vinegar  extinguifhed  this  light,  that  in  common  oil  it  continued 
fome  days,  but  in  rectified  fpirit  of  wine,  or  urine,  hardly  a 
minute. §  ?T 

In  order  to  obferve  in  what  manner  this  light  was  affe&ed  by 
different  degrees  of  heat ,  they  made  ufe  of  a  Reaumur’s  thermo¬ 
meter,  and  found  that  water  rendered  luminous  by  thefe  fifhes 
increafed  in  light  till  the  heat  arrived  to  45  degrees,  but  that  it 
then  became  fuddenly  extindl,  and  could  not  be  revived  again. || 


*  Ac.  Par.  17,  23,  H.  10,  M.  290.  &c.  oc  +  Com.  Bonon.  Vol.  2,  p.  232. 
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In  the  experiments  of  Beccarius,  a  folution  of  fea  fait  increaf- 
ed  the  light  of  the  luminous  water,  a  folution  of  nitre  did  not 
increafe  it  quite  fo  much.  Sal  Ammoniac  diminifhed  it  a  little, 
oil  of  tartar  per  deliquium  nearly  extinguifhed  it,  and  the  acids 
intirely.*  This  water  poured  upon  frefh  calcined  gypfum,  rock 
cryflal,  cerufs,  or  fugar,  became  more  luminous.  He  alfo  tried 
the  effects  of  it  when  poured  upon  various  other  fubflances,  but 
there  was  nothing  very  remarkable  in  them.,  Afterwards,  ufing 
luminous  milk,  he  found  that  oil  of  vitriol  extinguifhed  the  light* 
but  that  oil  of  tartar  increafed  it.'f* 

This  gentleman  had  the  curiolity  to  try  how  differently  colour¬ 
ed fubjiances  were  affected  by  this  kind  of  light ;  and  having,  for 
this  purpofe,  dipped  feveral  ribbons  in  it,  the  white  came 
out  the  brightefl,  next  to  this  was  the  yellow,  and  then  the 
green  *  the  other  colours  could  hardly  be  perceived.  It  was  not, 
however,  any  particular  colour ,  but  only  light  that  was  perceiv¬ 
ed  in  this  cafe.§  He  then  dipped  boards  painted  with  the  dif¬ 
ferent  colours,  and  alfo  glafs  tubes,  filled  with  fubflances  of  dif¬ 
ferent  colours,  in  water  rendered  luminous  by  the  fifhes.  In 
both  thefe  cafes  the  red  was  hardly  vifible,  the  yellow  was  the 
brightefl,  and  the  violet  the  dullefl.  But  on  the  boards  the  blue 
was  nearly  equal  to  the  yellow,  and  the  green  more  languid > 
whereas  in  the  glafles,  the  blue  was  inferior  to  the  green.  J 

Of  all  the  liquors  to  which  he  put  the  pholades,  milk  was  ren¬ 
dered  the  mofl  luminous.  A  fingle  pholas  made  feven  ounces 
of  milk  fo  luminous,  that  the  faces  of  perfons  might  be  diflin- 
guifhed  by  it,  and  it  looked  as  if  it  was  tranfparent.  ||  :  - 

*  Com.  Bonon,  Vol.  z,  p.  257,  f  lb.  p.  262.  §  lb.  p.  260.  X  lb.  p.  260, 
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Air  appeared  to  be  neceflary  to  this  light  •,  for  when  Beccarius 
put  the  luminous  milk  into  glafs  tubes,  no  agitation  would  make 
it  Ihine,  unlefs  bubbles  of  air  were  mixed  with  it.*  Alfo  Mon- 
tius  and  Galeatius  found  that,  in  an  exhaufted  receiver,  the  pho- 
las  loft  its  light,  but  the  water  was  fometimes  made  more  lu¬ 
minous  ;  which  they  afcribed  to  the  riling  of  bubbles  of  air 
through  it.'f* 

Beccarius,  as  well  as  Reaumur,  had  many  fchemes  to  render 
the  light  of  thefe  pholades  permanent.  For  this  purpofe  he  knead¬ 
ed  the  juice  into  a  kind  of  pafte,  with  flour,  and  found  that  it 
would  give  light  when  it  was  immerfed  in  warm  water  but  it 
anfwered  beft  to  preferve  the  fifli  in  honey.  In  any  other  me¬ 
thod  of  prefervation  the  property  of  becoming  luminous  would 
not  continue  longer  than  fix  months,  but  in  honey  it  had  lafted 
above  a  year ;  and  then  it  would,  when  plunged  in  warm  water, 
give  as  much  light  as  ever  it  had  done.§ 

Similar,  in  fome  refpeds,  to  thofe  obfervations  on  the  light 
of  the  pholas,  was  that  which  was  obferved  to  proceed  from 
wood  which  was  moift,  but  not  in  a  putrid  ftate,  which  was  very 
confpicuous  in  the  dark.J 

That  the  fea  is  fometimes  luminous,  efpecially  when  it  is  put 
in  motion,  by  the  dalhing  of  oars,  or  the  beating  of  it  againft  a 
fhip,  has  been  obferved  with  admiration  by  a  great  number  of  per- 
fons.  Mr.  Boyle,  after  reciting  all  the  circumftances  of  this 
appearance,  as  far  as  he  could  colled:  them  from  the  accounts  of 
navigators,  as  its  being  extended  as  far  as  the  eye  could  reach, 
and,  at  other  times  being  vifible  only  when  the  water  was  dalh- 

*  Com.  Bonon.  Vol.  2,  p.  264.  +  lb.  268.  §  lb.  273.  t  Ada  Caefarienfia, 
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ed  againft  fome  other  body ;  that,  in  fome  feas,  this  phenome¬ 
non  is  accompanied  by  fome  particular  winds,  but  not  in  o- 
thers  ;  and  that  fometimes  one  part  of  the  fea  will  be  luminous 
when  another  part,  not  far  from  it,  will  not  be  fo,  concludes 
with  faying,  that  he  could  not  help  fufpe&ing  that  thefe  odd  phe¬ 
nomena,  belonging  to  great  maffes  of  water,  were  in  fome  mea- 
fure  owing  to  fome  cofmical  law,  or  cuftom  of  the  terreflrial 
globe,  or  at  lead:  of  the  planetary  vortex.*  But  we  fhall  find 
that  this  philofopher  looked  much  too  high  for  the  caufe  of  this 
appearance,  great  and  magnificent  as  it  is. 

Some  curious  obfervations  on  the  fhiningof  fome  fifhes,  and|the 
pickle  in  which  they  were  immerfed,  were  made  by  Dr.  Beal,  in 
May  1665  ;  and  had  they  been  properly  attended  to  and  purfued, 
might  have  led  to  the  difcovery  of  the  caufe  of  this  appearance. 
Having  put  fome  boiled  mackerel  into  water,  together  with  fait 
and  fweet  herbs,  when  the  cook  was,  fome  time  after,  flirring  it, 
in  order  to  take  out  fome  of  the  fifhes,  fhe  obferved  that,  at  the  firft 
motion,  the  water  was  very  luminous ;  and  that  the  fifh  fhining 
through  the  water,  added  much  to  the  light  which  the  water 
yielded.  The  water  was  of  itfelf  thick  and  blackifh,  rather  than 
of  any  other  colour ;  and  yet  it  fhined  on  being  flirred ;  and  at 
the  fame  time  the  fifhes  appeared  more  luminous  than  the 
water.  Wherever  the  drops  of  this  water,  after  it  had  been 
flirred,  fell  to  the  ground,  they  fhined,  and  the  children  in  the 
family  diverted  themfelves  with  taking  the  drops,  which  were  as 
broad  as  a  penny,  and  running  with  them  about  the  houfe.  The 
cook  obferved  that  when  fhe  turned  up  that  fide  of  the  fifh  that 
was  lowefl,  no  light  came  from  it,  and  that  when  the  water  had 

*  Phil.  Tranf.  Vol.  59,  p.  450. 


fettled 


Sec.  IX. 


PUTRESCENT  SUBSTANCES. 


571 

fettled  for  fome  time  it  did  not  fhine  at  all.  The  day  following, 
the  water  gave  but  little  light,  and  only  after  a  brifk  agitation, 
though  the  fifhes  continued  to  fhine  as  well  from  the  infide  as  the 
outfide,  and  efpecially  about  the  throat,  and  fuch  places  as  feem- 
ed  to  have  been  a  little  broken  in  the  boiling. 

When,  in  the  light  of  the  fun,  he  examined,  with  a  microf- 
cope,  a  fmall  piece  of  a  fifh  which  had  fhined  very  much  the  night 
before,  he  found  nothing  remarkable  on  its  furface,  except  that 
he  thought  he  perceived  what  he  calls  a  Jieam,  rather  dark  than 
luminous,  arifing  like  a  very  fmall  duft  from  the  fill),  and  here 
and  there  a  very  fmall,  and  almoft  imperceptible  fparkle.  Of 
the  fparkles  he  had  no  doubt,  but  he  thought  it  poffible  that  the 
Ream  might  be  a  deception  of  the  fight,  or  fome  duft  in  the  air. 

Finding  the  fifh  to  be  quite  dry,  he  moiftened  it  with  his  fpit- 
tle,  and  then  obferved  that  it  gave  a  little  light,  though  but  for 
a  fhort  time.  The  fifh,  at  that  time,  was  not  fetid,  nor  yet  in- 
lipid  to  the  beft  difcerning  palate.  Two  of  the  fillies  he  kept 
two  or  three  days  longer  for  farther  trial ;  but  the  weather  being 
very  hot  they  became,  fetid  ;  and,  contrary  to  his  expectations, 
there  was  no  more  light  produced  either  by  the  agitation  of  the 
water,  or  in  the  fifh.* 

Father  Bourzes,  in  his  voyage  to  the  Indies,  in  1704,  took 
particular  notice  of  the  luminous  appearance  of  the  fea ;  but 
though  many  of  the  circumftances  which  he  mentions  feemed 
to  point  to  the  true  caufe  of  it,  viz.  the  putrefcent  matter  in  the 
fea,  he  does  not  feem  to  have  been  aware  of  it.  The  light  was 
fometimes  fo  great,  that  he  could  eafily  read  the  title  of  a  book 
by  it,  though  he  was  nine  or  ten  feet  from  the  furface  of  the. 


*  Phil.  Tranf.  ab.  Vol.  3,  p.  639. 
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water.  Sometimes  he  could  eafily  diftinguifh,  in  the  wake  of 
the  fhip,  the  particles  that  were  luminous  from  thofe  that  were 
not  5  and  they  appeared  not  to  be  all  of  the  fame  figure.  Some 
of  them  were  like  points  of  light,  and  others  fuch  as  flars  ap¬ 
pear  to  the  naked  eye.  Some  of  them  were  like  globes,  of  a  line 
cr  two  in  diameter,  and  others  as  big  as  ones  head.  Sometimes 
they  formed  themfelves  into  fquares  of  three  or  four  inches  long, 
and  one  or  two  broad.  Sometimes  all  thefe  different  figures 
Were  vifible  at  the  fame  time,  and  fometimes  there  were  what 
he  calls  vortices  of  light,  which  at  one  particular  time  appeared 
and  difappeared  immediately,  like  flafhes  of  lightning. 

Nor  only  did  the  wake  of  the  fhip  produce  this  light,  but  fifhes 
alfo,  in  fwimming,  left  fo  luminous  a  track  behind  them,  that 
both  their  fize  and  fpecies  might  be  diftinguifhed  by  it.  When 
he  took  fome  of  the  water  out  of  the  fea,  and  ftirred  it  ever  fo 
little  with  his  hand,  in  the  dark,  he  always  faw  in  it  an  infinite 
number  of  bright  particles ;  and  he  had  the  fame  appearance 
whenever  he  dipped  a  piece  of  linen  in  the  fea,  and  wrung  it  in 
a  dark  place,  even  though  it  was  half  dry  ;  and  he  obferved  that 
when  the  fparkles  fell  upon  any  thing  that  was  folid,  it  would 
continue  fhining  for  fome  hours  together. 

After  mentioning  feveral  circumflances  which  did  not  contri¬ 
bute  to  this  appearance,  this  Father  obferves  that  it  depends  very 
much  upon  the  quality  of  the  water  ;  and  he  was  pretty  fure  that 
this  light  is  the  greatefl  when  the  water  is  fatteft  and  fulleft  of 
foam.  For  in  the  main  fea,  he  fays,  the  water  is  not  every 
where  equally  pure,  and  that  fometimes  if  linen  be  dipped  in  the 
fea,  it  is  clammy  when  it  is  drawn  up  again  and  he  often  ob¬ 
ferved  that  when  the  wake  of  the  fhip  was  the  brightefl,  the 
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water  was  the  moft  fat  and  glutinous,  and  that  linen  moiften- 
ed  with  it  produced  a  great  deal  of  light,  if  it  was  lfirred  or 
moved  brifkly.  Befides,  in  fome  parts  of  the  fea,  he  faw  a  fub- 
ftance  like  faw  dull,  fometimes  red,  and  fometimes  yellow  ;  and 
when  he  drew  up  the  water  in  thofe  places,  it  was  always 
vifcous  and  glutinous.  The  failors  told  him  that  it  was  the 
fpawn  of  whales,  that  there  are  great  quantities  of  it  in  the 
North,  and  that  fometimes,  in  the  night,  they  appeared  all  o- 
ver  of  a  bright  light,  without  being  put  in  motion  by  any  veflel 
or  fifh  palling  by  them. 

As  a  confirmation  of  his  conjecture,  that  the  more  gluti¬ 
nous  the  fea  water  is,  the  more  it  is  difpofed  to  become  luminous, 
he  obferves  that  one  day  they  took  a  fifh  which  was  called  a 
boneta,  the  inlide  of  the  mouth  of  which  was  fo  luminous,  that, 
without  any  other  light,  he  could  read  the  fame  characters  which 
he  had  before  read  by  the  light  in  the  wake  of  the  fhip;  and 
the  mouth  of  this  fifh  was  full  of  a  vifcous  matter,  which,  when 
it  was  rubbed  upon  a  piece  of  wood,  made  it  immediately  all 
over  luminous  though,  when  the  moifture  was  dried  up,  the 
light  was  extinguifhed.* 

The  Abbe  Nollet  was  much  ftruck  with  the  luminoufnefs  of  the 
fea  when  he  was  at  Venice  in  1749,  and,  after  taking  a  great  deal 
of  pains  to  afcertain  the  circumftances  of  it,  concluded  that  it  was 
occafioned  by  a  fhining  infeCl ;  and  having  examined  the  water 
very  often,  he  at  length  did  find  a  fmall  infedt,  which  he  parti¬ 
cularly  defcribes,  and  to  which  he  attributes  the  light. §  The 
fame  hypothefis  had  alfo  occured  to  M.  Vianelli,  profeffor  of  me¬ 
dicine  in  Chioggia  near  Venice;  and  both  he  and  M.  Grizellini, 

*  Phil.  Tranf.  ab  Vol.  5,  p.  213.  §  Ac.  Par.  1750,  M.  p.  88. 
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a  phyfician  in  Venice,  have  given  drawings  of  the  infedts  from 
which  they  imagined  this  light  to  proceed. 

The  Abbe  was  the  more  confirmed  in  his  hypothefis  by  ob- 
ferving,  fome  time  after,  the  motion  of  fome  luminous  particles 
in  the  fea.  For,  going  into  the  water,  and  keeping  his  head 
juft  above  the  furface,  he  faw  them  dart  from  the  bottom,  which 
was  covered  with  weeds,  to  the  top,  in  a  manner  which  he 
thought  very  much  refembled  the  motions  of  infedts  ;  though, 
when  he  endeavoured  to  catch  them,  he  only  found  fome  lumi¬ 
nous  fpots  upon  his  handkerchief,  which  were  enlarged  when  he 
prefied  them  with  his  finger.* 

M.  Le  Roi,  making  a  voyage  on  the  Mediterranean,  prefently 
after  the  Abbe  Nollet  made  his  obfervations  at  Venice,  took  no- 

l  -  •  r  ■  r'  i.  I  '»  *  .  ■.  f 

tice  that,  in  the  day  time,  the  prow  of  the  fhip  in  motion  threw 
up  many  fmall  particles,  which,  falling  upon  the  water,  rolled 
upon  the  furface  of  the  fea,  for  a  few  feconds,  before  they  mix¬ 
ed  with  it ;  and  in  the  night  the  fame  particles,  as  he  conclud¬ 
ed,  had  the  appearance  of  fire.-f*  Taking  a  quantity  of  the  wa¬ 
ter,  the  fame  fmall  fparks  appeared  whenever  it  was  agitated  ; 
but,  as  was  obferved  with  refpedt  to  Dr.  Beal’s  experiments,  e- 
very  fucceflive  agitation  produced  a  lefs  effedt  than  the  preceding, 
except  after  being  fuffered  to  reft  a  while  ;  for  then  a  frefti  agi¬ 
tation  would  make  it  almoft  as  luminous  as  the  firft.§  This  wa¬ 
ter,  he  obferved,  would  retain  its  property  of  fhining  by  agitation 
a  day  or  two  ;  but  it  difappeared  immediately  on  being  fet  on  the 
fire,  though  it  was  not  made  to  boil.J 

This  gentleman,  after  giving  much  attention  to  this  pheno¬ 
menon,  concludes  that  it  is  not  occafioned  by  any  fhining  in- 


*  Ac.  Par.  1750,  M.p.  91. 
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feds,  as  the  Abbe  Nollet  imagined,  efpecially  as,  after  carefully- 
examining  fome  of  the  luminous  points,  which  he  caught  upon 
an  handkerchief,  he  found  them  to  be  round  like  large  pins 
heads,  but  with  nothing  of  the  appearance  of  any  animal,  though 
he  viewed  them  with  a  microfcope^  He  alfo  found  that  the 
mixture  of  a  little  fpirit  of  wine  with  water  juft  drawn  from  the 
fea,  would  give  the  appearance  of  a  great  number  of  little  fparks, 
which  would  continue  viiible  longer  than  thofe  in  the  ocean. 
All  the  acids,  and  various  other  liquors,  produced  the  fame  effed; 
though  not  quite  fo  confpicuoufly  ;  but  no  frefh  agitation  would 
make  them  luminous  again.  M.  Le  Roi  is  far  from  aflerting 
that  there  are  no  luminous  infeds  in  the  fea.  He  even  fuppofes 
that  the  Abbe  Nollet  and  M.  Vianelli  had  found  them.  But  he 
was  fatisfied  that  the  fea  is  luminous  chiefly  on  fome  other  ac¬ 
count,  though  he  does  not  fo  much  as  advance  a  conjedure  a- 
bout  what  it  is.§ 

M.  Ant.  Martin  made  many  experiments  on  the  light  of  fifties, 
with  a  view  to  difcover  the  caufe  of  the  light  of  the  fea,  before 
he  had  feen  any  thing  that  had  been  written  upon  the  fubjed ; 
and  though  many  of  his  obfervations  had  been  anticipated,  others 
are  original,  *and  of  fome  importance.  He  thought  that  he  had 
reafon  to  conclude,  from  a  great  variety  of  experiments,  that  all 
fea  fifties  have  this  property ;  but  that  it  is  not  to  be  found  in 
any  that  are  produced  in  frefh  water.  Nothing  depended  upon 
the  colour  of  the  fifties,  except  that  he  thought  that  the  white  ones, 
and  efpecially  thofe  that  had  white  fcales,  were  a  little  more  lu¬ 
minous  than  others.  This  light,  he  found,  was  increafed  by  a 
fniall  quantity  of  fait,  and  alfo  by  a  fmall  degree  of  warmth, 

*  Memoires  Prefentes,  Vol.  3,  p.  152.  §  lb. 
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though  a  greater  degree  extinguifhed  it.  This  agrees  with  ano¬ 
ther  obfervation  of  his,  that  it  depends  intirely  upon  a  kind  of 
moifture,  which  they  had  about  them,  and  which  a  fmall  de¬ 
gree  of  heat  would  expell,  when  an  oilinefs  remained  which  did 
not  give  this  light,  but  would  burn  in  the  fire.  Light  from  the 
flefh  of  birds  or  beafts  is  not  fo  bright,  he  fays,  as  that  which 
proceeds  from  fifli.  Human  bodies,  he  fays,  have  fometimes 
emitted  light  about  the  time  that  they  began  to  putrify,  and  the 
walls  and  roof  of  a  place  in  which  dead  bodies  had  often  been 
expofed,  had  a  kind  of  dew  or  clamminefs  upon  it,  which  was 
fometimes  luminous ;  and  he  imagined  that  the  lights  which 
are  faid  to  be  feen  in  burying  grounds  may  be  owing  to  this 
caufe.* 

The  obfervations  of  Father  Bourzes,  which  were  recited  near 

/  / 

the  beginning  of  this  fedtion,  make  it  extremely  probable  that 
the  luminoufnefs  of  the  fea  arifes  from  flimy  and  other  putre- 
fcent  matter  with  which  it  abounds  ;  but  fome  late  experiments 
of  Mr.  Canton  feem  to  be  decifive  in  favour  of  this  hypothefis, 
which,  indeed,  may  be  faid  to  be  his  own  ;  for  though  Father 
Bourzes  concluded  that  the  light  of  the  fea  was  owing  to  certain 
fubftances  which  float  on  its  furface,  he  does  not  mention  their 
tendency  to  putrifadtion,  as  a  circumftance  of  any  confequence 
to  the  appearance.  The  experiments  of  Mr.  Canton  are  the 
more  valuable,  as  they  are  very  eafily  made,  fo  that  any  perfon 
may  repeat  them,  and  thereby  fully  fatisfy  himfelf  with  relpedt 
to  this  appearance,  and  the  caufe  of  it. 

On  the  evening  of  the  14th  of  June  1768,  he  put  a  fmall 
frefh  whiting  into  a  gallon  of  fea  water,  in  a  pan  which  was  a- 


*  Swed.  Abhand,  Vol.  23,  p.  225. 
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bout  fourteen  inches  in  diameter,  and  took  notice  that  net 
ther  the  whiting  nor  the  water,  when  agitated,  give  any  light 
A  Fahrenheit’s  thermometer,  in  the  cellar  where  the  pan  was 
placed,  flood  at  fifty  four  degrees.  The  1 5th,  at  night,  that  part 
of  the  fifh  which  was  even  with  the  furface  of  the  water  was  lu¬ 
minous,  but  the  water  itfelf  was  dark.  He  drew  the  end  of  a 
flick  through  it,  from  one  fide  of  the  pan  to  the  other,  and  the 
water  appeared  luminous  behind  the  flick  all  the  way,  but  gave 
light  only  where  it  was  diflurbed.  When  all  the  water  was 
ilirred,  the  whole  became  luminous,  and  appeared  like  milk, 
giving  a  confiderable  degree  of  light  to  the  fides  of  the  pan ;  and 
it  continued  to  do  fo  for  fome  time  after  it  was  at  refl.  The  wa¬ 
ter  was  mofl  luminous  when  the  fifh  had  been  in  it  about  twenty 
eight  hours,  but  would  not  give  any  light  by  being  flirred,  af¬ 
ter  it  had  been  in  it  three  days. 

He  then  put  a  gallon  of  frefh  water  into  one  pan,  and  an  equal 
quantity  of  fea  water  into  another,  and  into  each  pan  he  put  a 
frefh  herring,  of  about  three  ounces.  The  next  night  the  whole 
furface  of  the  fea- water  was  luminous,  without  being  flirred ; 
but  it  was  much  more  fo  when  it  was  put  in  motion  ;  and  the 
upper  part  of  the  herring,  which  was  confiderably  below  the 
furface  of  the  water,  was  alfo  very  bright ;  while  at  the  fame 
time,  the  frefh  water,  and  the  fifh  that  was  in  it,  were  quite 
dark.  There  were  feveral  very  bright  luminous  fpots  on  diffe¬ 
rent  parts  of  the  furface  of  the  fea-water,  and  the  whole,  when 
viewed  by  the  light  of  a  candle,  feemed  covered  with  a  greafy 
fcum.  The  third  night  the  light  of  the  fea  water,  while  at  reff, 
was  very  little,  if  at  all  lefs  than  before  ;  but  when  flirred  its 
light  was  fo  great  as  to  difcover  the  time  by  a  watch,  and  the 
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fifh  in  it  appeared  as  a  dark  fubftance.  After  this  its  light  was 
evidently  decreafmg,  but  was  not  quite  gone  before  the  feventh 
night.  The  frefh  water  and  th6  fifh  in  it  were  perfe6Uy  dark  dur¬ 
ing  the  whole  time.  The  thermometer  was  generally  above  60. 

The  preceding  experiments  were  made  with  fea  water,  but  he 
now  made  ufe  of  other  water,  into  which  he  put  common  or 
fea  fait,  till  he  found,  by  an  hydrometer,  that  it  was  of  the  fame 
fpecific  gravity  with  the  fea  water  ;  and,  at  the  fame  time,  in  a- 
nother  gallon  of  water,  he  diffolved  two  pounds  of  fait ;  and 
into  each  of  thefe  waters  he  put  a  fmall  frefh  herring.  The 
next  evening  the  whole  furface  of  the  artificial  fea  water  was  lu¬ 
minous  without  being  ftirred  ;  but  gave  much  more  light  when 
it  was  difturbed.  It  appeared  exactly  like  the  real  fea  water  in 
the  preceding  experiment,  its  light  lafled  about  the  fame  time, 
and  went  off  in  the  fame  manner ;  while  the  other  water,  which 
was  almofi:  as  fait  as  it  could  be  made,  never  gave  any  light. 
The  herring  which  was  taken  out  of  it  the  feventh  night,  and 
w allied  from  its  fait,  was  found  firm  and  fweet ;  but  the  other 
herring  was  very  foft  and  putrid,  much  more  fo  than  that  which 
had  been  kept  as  long  in  frefh  water.  If  a  herring,  in  warm 
weather,  be  put  into  ten  gallons  of  artificial  fea  water,  inflead  of 
one,  the  water,  he  fays,  will  ftill  become  luminous,  but  its  light 
will  not  be  fo  ftrong. 

From  thefe  experiments  it  is  evident  that  the  quantity  of  fait 
contained  in  fea  water  haftens  putrefaftion,  which  agrees  with 
the  remarkable  obfervation  of  Sir  John  Pringle ;  but  fince  that 
precife  quantity  of  fait  which  promotes  putrefa£Uon  the  moil,  is 
lefs  than  that  which  is  found  in  fea  water,  it  is  probable,  Mr. 
Canton  obferves,  that  if  the  fea  was  lefs  fait,  it  would  be  more 
luminous. 

It  ap- 
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It  appeared  by  fome  of  the  firft  obfervations  on  this  fubjeCt, 
that  heat  extinguifhes  the  light  of  putrefcent  fubftances.  Mr. 
Canton  alfo  attended  to  this  circumftance,  and  obferves,  that 
though  the  greateft  fummer  heat  is  well  known  to  promote  pu¬ 
trefaction,  yet  twenty  degrees  more  than  that  of  the  human  blood 
feems  to  hinder  it.  For  putting  a  fmall  piece  of  a  luminous  fifh 
into  a  thin  glafs  ball,  he  found  that  water  of  the  heat  of  1 1 8  de¬ 
grees  would  extinguilh  its  light  inlefsthan  half  a  minute;  butthat, 
on  taking  it  out  of  the  water,  it  wrould  begin  to  recover  its  light 
in  about  ten  feconds ;  but  it  was  never  afterwards  fo  bright  as 
before. 

Mr.  Canton  made  the  fame  obfervation  that  Mr.  Ant.  Martin 
had  done,  viz.  that  feveral  kinds  of  river  fifh  could  not  be  made 
to  give  light,  in  the  fame  circumftances  in  which  any  fea  fifh  be¬ 
came  luminous.  He  fays,  however,  that  a  piece  of  carp  made 
the  water  very  luminous,  though  the  outfide,  or  fcaly  part  of  it, 
did  not  fhine  at  all. 

For  the  fake  of  thofe  perfons  who  may  chufe  to  repeat  his  ex¬ 
periments,  he  obferves  that  artificial fea  water  may  be  made  with¬ 
out  the  ufe  of  an  hydrometer,  by  the  proportion  of  four  ounces 
avoirdupoize  of  fait,  to  feven  pints  of  water,  wine  meafure.* 

It  feems  probable  that  fome  kinds  of  putrefcent  matter,  ca¬ 
pable  of  giving  a  confiderable  degree  of  light,  are  volatile,  and 
that  this  is  the  caufe  of  that  luminous  appearance  which  goes 
by  the  name  of  ignis  fatuus,  or  in  common  Englifh  Will  with 
a  wifp,  to  which  the  credulous  vulgar  afcribe  very  extraordinary 
and  efpecially  mifchievous  powers.  This  phenomenon  is  chiefly 
vifible  in  damp  places,  and  is  alfo  faid  to  be  very  often  fcen  in 

*  Phil.  Tranf.  Vol.  59,  p.  446,  &c. 
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burying  grounds,  and  near  dunghills.  Travellers  lay  that  it  is 
very  frequent  near  Bologna  in  Italy,  and  in  feveral  parts  of  Spain 
and  Ethiopia.  The  form  and  fize  of  it  are  very  various,  and 
often  variable.* 

It  was  the  opinion  of  many  philofophers,  and  efpecially  Wil¬ 
loughby  and  Ray,  that  the  ignis-  fatuus  is  made  by  fhining  in¬ 
fers  ;  but  this  opinion  was  never  well  fupported.  Sir  Ifaac 
Newton  calls  it  a  vapour  Jhining  without  heat ,  and  fuppoles  that 
there  is  the  fame  difference  between  this  vapour  and  flame,  that 
there  is  between  wood  fhining  without  heat,  and  burning  coals 
of  fire.-f*  That  this  opinion  is  juft,  and,  moreover,  that  the 
light  of  this  vapour  fhining  without  heat  is  of  the  fame  nature 
with  light  from  putrefcent  fubftances,  may,  I  think,  be  con¬ 
cluded  from  the  following  circumftances  relating  to  them,  as 
defcribed  by  Dr.  Derham,  and  G.  B.  Beccari. 

The  former  of  thefe  gentlemen,  having  obferved  an  ignis  fa¬ 
tuus  in  fome  boggy  ground,  between  two  rocky  hills,  in  a  dark 
and  calm  night,  got  by  degrees  within  two  or  three  yards  of  it, 
and  thereby  had  an  opportunity  of  viewing  it  to  the  greateft  ad¬ 
vantage.  It  kept  fkipping  about  a  dead  thiftle,  till  a  flight  mo¬ 
tion  of  the  air,  occafioned  as  he  fuppofed,  by  his  near  approach 
to  it,  made  it  jump  to  another  place 3  and  as  he  advanced,  it 
kept  flying  before  him.  He  was  fo  near  to  it,  that,  had  it  been 
the  fhining  of  glow-worms,  he  was  fatisfied  that  he  could  not 
but  have  diftinguifhed  the  feparate  lights  of  which  it  muft  have 
confifted;  whereas  it  was  one  uniform  body  of  light.  He 
therefore  thought  that  it  muft  be  an  ignited  vapour.  § 

*  Mufchenbroeck’s  Introdudtio,  Vol.  2,  p.  1062.  f  Opticks,  p.  316. 

§  Similar  in  fome  refpedls  to  this  light,  was  one  that  furrounded  the  body  and  the  bed 
of  a  woman  at  Milan,  which  fled  from  the  hand  that  approached  it,  but  was  at  length 
difperfed  by  the  agitation  of  the  air.  Atta  Ctefarienfla,  Vol.  3,  p.  it. 
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M.  Beccari  made  it  his  bufinefs  to  inquire  concerning  this 
phenomenon  of  all  his  acquaintance,  who  had  had  opportunities 
of  obferving  it,  either  on  the  mountains,  or  on  the  plain.  He 
found  that  two  which  appeared  on  the  plains,  one  to  the  North, 
and  the  other  to  the  EaSt  of  Bologna,  were  to  be  feen  almofc 
every  dark  night,  efpecially  the  latter ;  and  the  light  they  gave 
was  equal  to  that  of  an  ordinary  faggot.  That  to  the  eaSt  of 
Bologna  once  appeared  to  a  gentleman  of  his  acquaintance,  as 
he  was  travelling,  and  kept  him  company  above  a  mile,  con¬ 
stantly  moving  before  him,  and  calling  a  Stronger  light  upon  the 
road  than  the  torch  which  was  carried  along  with  him.  All  thefe 
luminous  appearances,  he  fays,  gave  light  enough  to  make  all 
neighbouring  obje6ts  vilible,  and  they,  were  always  obferved  to 
be  in  motion,  but  this  motion  was  various  and  uncertain.  Some¬ 
times  they  would  rife  up,  and  at  other  times  fink ;  but  they 
commonly  kept  hovering  about  fix  feet  from  the  ground.  They 
would  alfo  difappear  of  a  Sudden,  and  inllantly  appear  again,  in 
fome  other  place.  They  differed  both  in  lize  and  figure,  fome- 
times  fpreading  pretty  wide,  and  then  again  contrafting  them- 
felves ;  fometimes  breaking  into  two,  and  then  joining  again  ; 
fometimes  floating  like  waves,  and  dropping,  as  it  were,  {parks 
of  fire.  He  was  affured  that  there  was  not  a  dark  night  all  the 
year  round  in  which  they  did  not  appear,  and  that  they  were 
obferved  more  frequently  when  the  ground  was  covered  with 
fnow,  than  in  the  hottefl  fummer ;  nor  did  rain  or  Snow  in  the 
leafl  hinder  their  appearance  ;  but,  on  the  contrary,  they  were 
obferved  more  frequently,  and  cafl  a  Stronger  light  in  rainy  and 
wet  weather;  nor  were  they  much  affected  by  the  wind.* 

The  ground  to  the  Eafl  of  Bologna,  where  the  larged:  of  thefe 
appearances  was  feen,  is,  he  fays,  a  hard  chalky  and  clayey  foil, 

*  Phil.  Tranf.  ab  Vol.  7,  p.  57. 
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which  will  retain  the  water  a  long  time,  and  afterwards,  in  hot 
weather,  would  break  into  large  cracks ;  but  on  the  mountains, 
where  the  ignes  jatui  were  fmaller,  the  foil  was  of  a  loofe  fandy 
texture,  which  would  not  keep  the  water  very  long.  According 
to  the  bed;  information  he  could  procure,  thefe  lights  very  much 
frequent  brooks  and  rivers,  being  often  obferved  on  the  banks  of 
them  ;  perhaps,  he  fays,  becaufe  the  current  of  air  carries  them 
thither  more  readily  than  to  any  other  place.* 

This  gentleman  concludes  his  account  of  thefe  appearances 
with  the  following  curious  narrative.  An  intelligent  gentleman 
travelling  in  March,  between  eight  and  nine  in  the  evening,  in  a 
mountainous  road,  about  ten  miles  South  of  Bologna,  perceived 
a  light,  which  fhone  very  Hrongly  upon  fome  Hones  which  lay 
on  the  banks  of  the  river  Rioverde.  It  feemed  to  be  about  two 
feet  above  the  Hones,  and  not  far  from  the  water.  In  fize  and 
figure  it  had  the  appearance  of  a  parallelopiped,  fomewhat  more 
than  a  foot  in  length,  and  half  a  foot  high,  the  longeH  fide  be¬ 
ing  parallel  to  the  horizon.  Its  light  was  fo  Hrong,  that  he 
could  plainly  difiinguifii  by  it,  part  of  a  neighbouring  hedge,  and 
the  water  of  the  river;'  only  in  the  EaH  corner  of  it  the  light 
was  rather  faint,  and  the  fquare  figure  lefs  perfedt,  as  if  it  was 
cut  off,  or  darkened  by  the  fegment  of  a  circle. 

His  curiofity  tempting  him  to  examine  this  appearance  a  little 
nearer,  he  advanced  gently  towards  the  place ; .  but  was  furprif- 
ed  to  find  that  it  changed  gradually  from  a  bright  red,  firff  to  a 
yellowifli,  and  then  to  a  pale  colour,  in  proportion  as  he  drew 
nearer  ;  and  when  he  came  to  the  place  itfelf  it  quite  vanished. 
Upon  this  he  Hepped  back,  and  not  only  faw  it  again,  but  found 

*  Phil.  Tranf.  ab.  Vol.  7,  p.  59. 
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that  the  farther  he  went  from  it,  the  Wronger  and  brighter  it 
grew.  When  he  examined  the  place  of  this  luminous  appear¬ 
ance,  he  could  not  perceive  the  leaff  fmell,  or  any  other  mark 

of  fire. 

This  extraordinary  account  was  confirmed  to  M.  Beccari  by 
another  gentleman,  who  frequently  travelled  the  fame  road,  and 
who  allured  him  that  he  had  feen  the  very  fame  light  five  or  fix 
different  times,  in  Spring  and  Autumn,  and  that  he  had  always 
obferved  it  to  be  of  the  very  fame  fhape,  and  in  the  fame  place  ; 
and  he  once  took  particular  notice  of  its  coming  out  of  a  neigh¬ 
bouring  place,  and  fettling  itfelf  in  the  figure  above  defcribed. 

M.  Beccari  owns  himfelf  to  be  greatly  at  a  lofs  to  account  not 
only  for  this  very  remarkable  appearance,  but  alio  for  the  ignes 
fatui  in  general.  He  only  fays,  that  all  perfons  who  ever  law 
any  of  thefe  appearances,  agree,  that  they  caff  a  light  quite  dif¬ 
ferent  from  that  of  fhining  flies. * 

Dr.  Shaw  defcribes  an  ignis  fatuus,  which  he  faw  in  the  Holy 
Land,  the  circumffances  of  which  are  fo  remarkable,  that  they 
well  deferve  to  be  recited,  efpecially  as  fome  of  them  feem  to 
point  to  the  caufe  of  the  phenomenon.  As  he  and  his  company 
were  travelling  by  night,  through  the  valleys  of  Mount  Ephra¬ 
im,  they  were  attended,  more  than  an  hour,  by  an  ignis  fatuus, 
which  was  fometimes  globular,  or  in  the  form  of  the  flame  of 
a  candle  ;  and  which  would,  immediately  afterwards,  fpread  it- 
lelf  fo  much  as  to  involve  the  whole  company  in  a  pale  inoffen- 
five  light,  and  then  contradl  itfelf  again,  and  fuddenly  difap- 
pear.  But  in  lefs  than  a  minute  it  would  become  vifible  as  be¬ 
fore  ;  or,  running  along  from  one  place  to  another,  with  a  fwift 


*  Phil.  Tranf.  ab  Vol.  7,  p.  60. 
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progreflive  motion,  woald  expand  itfelf,  at  certain  intervals,  over 
more  than  two  or  three  acres  of  the  adjacent  mountains.  The 
atmofphere,  from  the  beginning  of  the  evening,  had  been  re¬ 
markably  thick  and  hazy,  and  the  dew,  as  they  felt  it  upon  their 
bridles,  was  unufualiy  clammy  and  undtuous.  In  the  fame  kind 
of  weather,  he  fays,  he  has  obferved  thofe  luminous  appearances, 
which,  at  fea,  flap  about  the  mails  and  yards  of  fhips,  and 
which  the  failors  call  Corpufanfe. ,  which  is  a  corruption  of  the 
Span i Hi  Cuerpo  f ant o* 

A  light  in  fome  refpects  fimilar  to  that  of  putrefcent  matter  has 
been  found  to  proceed  from  that  celebrated  chymical  production 
called  phofpborusy  which  is,  in  fadt,  an  imperfedi  fidphur ,  tending 
to  decompofe  itfelf,  and  fo  as  to  take  fire  by  the  accefs  of  air  only. 
Phofphorus,  therefore,  v/hen  it  emits  light  is  properly  a  body 
ignited ;  though  when  a  very  fmall  quantity  of  it  is  ufed,  as  what 
is  left  after  drawing  it  over  paper,  or  what  may  be  dififolved  in 
effential  oil,  the  heat  is  not  fenfible.  But  perhaps  the  matter 
which  emits  the  light  in  what  we  call  putrefcent  fubfiances  may 
be  fimilar  to  it,  though  it  be  generated  by  a  different  procefs,  and 
burn  with  a  lefs  degree  of  heat.  Putrefcence  does  not  feem  to 
be  necefiary  to  the  light  of  glow-worms,  or  of  the  pholades  ; 
and  yet  their  light  is  fufficiently  fimilar  to  that  of  fhining  wood 
or  flefh.  Eledtric  light  is  unqueflionably  fimilar  to  that  of  phof¬ 
phorus,  though  the  fource  of  it  is  apparently  very  different. 

The  phofphorus,  the  light  of  which  I  am  now  confidering,  was 
firfl  made  by  one  Brandt,  a  citizen  of  Hamburgh,  in  1677,  as  he 
was  purfuing  fome  hints,  which  had  been  thrown  out  by  the 
famous  Kunckel,  concerning  the  value  of  urine  for  the  purpofe 

*  Shaw’s  Travels,  Fol.  p.  363. 
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of  making  the  philofopher’s  hone.  Brandt,  it  is  faid,  commu¬ 
nicated  the  fecret  to  Kraft  of  Drefden  ;  but  neither  of  them 
would  acquaint  Kunckel  himfelf  with  it.  This  able  chymift, 
however,  going  immediately  to  work,  prefently  difcovered  the 
very  fame  thing  that  Brandt  had  done.  A  fimilar  phofphorus  was 
alfo  made  by  Mr.  Boyle,  after  feeing  a  piece  of  it  in  the  hands  of 
Kraft,  who  brought  it  to  London  in  1679,  in  order  to  fhew  it 
to  the  King  and  Queen  of  England,  being  only  told  that  it  was 
made  of  fomething  from  the  human  body.* 

Kunckel  formed  his  phofphorus  into  a  kind  of  pills,  about  the 
fize  of  peas,  which,  being  moiftened  a  little,  and  fcraped  in  the 
dark,  yielded  a  very  confiderable  light,  but  not  without  fmoke. 
The  light  was  much  more  pleafing  when  eight  or  ten  of  thefe 
pills  were  put  into  a  glafs  of  water ;  for  being  fhaken  in  the 
dark,  the  whole  glafs  feemed  to  be  filled  with  light.  Kunckel 
alfo  reduced  his  phofphorus  into  the  form  of  larger  hones,  which 
being  warmed  by  a  perfon’s  hand,  and  rubbed  upon  paper,  would 
defcribe  letters  that  were  very  legible  in  the  dark.§ 

The  greateft  variety  of  experiments  with  the  light  of  phof¬ 
phorus  were  made  by  Dr.  Slare,  who  fays  that  the  liquid  phof¬ 
phorus  (which  is  nothing  more  than  the  folid  phofphorus  difiblt- 
ed  in  any  of  the  efifential  oils)  would  not  hurt  even  a  lady’s  hand, 
or  that,  when  the  hands  or  face  wrere  wafhed  with  it,  it  would 
not  only  make  them  vifible  to  other  per  Ions  in  the  dark  3  but 
that  the  light  was  fo  confiderable,  as  to  make  other  neighbour¬ 
ing  objedts  vifible. 

When  the  folid  phofphorus  is  quite  immerfed  in  water,  he 
obferves  that  it  ceafes  t6  fhine  3  but  that  if  any  part  of  it  chance 

*  Ac.  Par.  1737,  M.  p.  475.  §  Phil.  Tranf.  ab.  Vol.  3,  p.  347. 
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to  emerge,  or  get  into  the  air,  it  will  fhine  though  the  glafs  be  * 
hermetically  fealed.  In  a  large  glafs  he  kept  it  without  water  for 
feveral  days,  and  yet  it  continued  fhining,  with  very  little  dimi¬ 
nution  of  its  light  or  weight.  If  the  letters  that  were  written 
with  this  phofphorus  were  warmed  by  the  fire,  they  prefently  be¬ 
came  dark  lines,  which  continued  upon  the  paper,  like  ink. 
To  try  how  much  light  was  given  by  a  fmall  quantity  of  this 
phofphorus,  he  obferved  that  it  continued  to  flame  in  the  open 
air  for  feven  or  eight  days  the  light  being  vifible  whenever  he 
fhut  his  window.* 

As  air  was  generally  thought  to  contain  th z pabulum  of  flame. 
Dr.  Slare  was  determined  to  try  this  with  refpedt  to  phofphorus ; 
and  for  this  purpofe  he  placed  a  large  piece  of  it  in  a  receiver  ; 
but  upon  exhaufting  it,  he  perceived  that  it  became  more  lumi¬ 
nous,  and  that,  upon  admitting  the  air,  it  returned  to  its  former 
Ibate.-f*  This  property  of  the  light  of  phofphorus,  which  is  the 
very  reverfe  of  that  of  fhining  wood  and  fifhes,  was  alfo  afcer- 
tained  by  feveral  very  accurate  experiments  of  Mr.  Haukfbee’s.§ 

Endeavouring  to  blow  the  phofphorus  into  a  flame  with  a  pair 
of  bellows.  Dr.  Slare  found  that  it  was  prefently  blown  out,  and 
that  it  was  a  confiderable  time  before  the  light  revived  again. 
All  liquors  would  extinguifh  this  light  when  the  phofphorus  was 
put  into  them,  nor  would  it  fhine,  or  burn,  though  it  was  even 
boiled  in  the  moil  inflammable  liquors,  as  oil  of  olives,  lpirit  of 
turpentine,  or  even  fpirit  of  wine. 

In  order  to  keep  his  phofphorus  from  confuming,  he  ufed  to 
put  it  in  a  glafs  of  water,  and  fometimes  he  has  feen  it,  when 

*  Phil.  Tranf.  ab.  Vol.  3,  p,  348.  f  lb.  p.  350.  §  Phyfico  Mechanical 
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thus  immerfed  in  water,  make  fuch  bright  and  vigorous  coruf- 
cations  in  the  air,  as,  he  fays,  would  furprize  and  frighten  thofe 
who  are  not  ufed  to  the  phenomenon.  This  fiery  meteor,  he  fays, 
is  contracted  in  its  paffage  through  the  water,  but  expands  as  foon 
as  it  gets  above  it.  If  any  perfon  would  make  this  experiment 
to  advantage,  he  informs  them  that  the  glafs  mull  be  deep  and 
cylindrical,  and  not  above  three  quarters  filled  with  water.  This 
effeCt  he  perceived  in  warm  weather  only,  and  never  in  cold.* 

The  phofphorus  of  which  I  have  been  treating  is  prepared 
from  urine,  but,  in  fome  cafes,  the fweat ,  which  is  fimilar  to  u- 
rine,  has  been  obferved  to  be  phofphoraceous,  without  any  pre¬ 
paration.  This  once  happened  to  a  perfon  who  ufed  to  eat  great 
quantities  of  fait,  and  who  was  a  little  fubjeCt  to  the  gout,  after 
fweating  with  violent  exercife.  Stripping  himfelf  in  the  dark, 
his  fhirt  feemed  to  be  all  on  fire,  which  furprifed  him  very  much. 
Upon  examination,  red  fpots  were  found  upon  his  fhirt,  and  the 
phyfician  who  was  prefent  perceived  an  urinous  fmell,  though  it 
had  nothing  in  it  of  volatile  alkali,  but  of  the  muriatic  acid  ; 
the  fame,  he  fays,  that  iffues  from  cabbage  much  falted,  and 
ftrongly  fermenting.  § 

This  phofphoraceous  light,  and  that  which  was  feen  round  the 
body  and  bed  of  the  woman  at  Milan,  feem  to  fhow  fome  con¬ 
nexion  between  the  light  of  phofphorus,  and  that  of  putrefcent 
fubflances,  or  the  ignis  fatuus. 

*  Phyfico  Mechanical  Experiments,  p.  351.  §  A6ta  Caefarienfia,  Vol.  5,  p.  334. 
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SECTION  X. 


'  ;0#r  :  "f  <>! 


Observations  on  the  RAINBOW. 


HAVING,  in  the  preceding  fedtions,  given  a  view  of  all 
the  difcoveries  that  have  been  made  concerning  the  funda¬ 
mental  properties  of  light,  and  of  bodies  refpedting  light,  the  re¬ 
maining  fedtions  of  this  period  will  relate,  chiefly  to  what  philo- 
fophers  have  done  towards  the  explanation  of  appearances  in  na¬ 
ture  ,  and  the  phenomena  of  vifion,  according  to  the  laws  al¬ 
ready  difcovered. 

Of  all  the  optical  appearances  in  nature,  th ^rainbow  is,  perhaps, 

*•  .  t 

the  moft  ftriking.  Accordingly,  we  have  found.that  it  has  always 
engaged  the  attention  of  philofophers ;  and  we  have  feen  new 
light  thrown  upon  it  in  every  fucceflive  period  of  this  hifliory. 
And  though  all  the  capital  circumilances  of  this  phenomenon 
were  fully  explained  by  Sir  Ifaac  Newton,  yet  fome  particulars 
were  left  to  be  obferved  in  this  period  $  efpecially  with  refpedt 
to  the  varieties  in  which  it  has  been  exhibited,  fome  of  the 
more  flriking,  of  which  I  fhall  give  an  account  of  in  this  fedtion, 
together  with  the  conjectures  that  have  been  made  concerning 
their  caufes,  as  they  cannot  fail  to  give  a  pleafure  to  my  reader. 
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Of  thofe  who  adopted  the  principles  of  Sir  Ifaac  Newton, 
Dr.  Halley  was  the  firft  who  took  much  pains  with  this  fubjedt 
of  the  rainbow.  We  have  feen  that  the  inner  bow  is  formed  by 
thofe  rays  which  fuffer  two  refradtions  with  one  refledtion  be¬ 
tween  them,  and  that  the  outer  bow  is  formed  by  two  refradti- 
ons,  with  two  reflections  between  them.  Here  nature  ftops,  or 
rather  our  organs  are  not  fenlible  enough  to  perceive  more  rain¬ 
bows  ;  but  the  mind  of  man  is  able  to  purfue  the  fubjedt  much 
farther,  and  to  afcertain  the  dimenlions  of  thofe  rainbows  which 
would  be  formed  by  3,  4,  or  more  reflexions,  and  Dr.  Halley 
has  difcufled  this  fubjedt  in  the  Philofophical  Tranfadtions  for 
1700,  in  which  he  alfo  lays  down  a  diredt  method  for  finding 
the  diameter  of  the  bow  when  the  refradtion  is  given. 

The  refult  of  his  inveftigation  was,  that  the  firlt  bow  is  pro¬ 
duced  by  thofe  rays  whofe  angle  of  incidence  is  fuch,  that  the 
double  of  the  refradted  angle  correfponding  to  it  is  as  great  as  pof- 
fible.  In  the  fecond  bow  the  excefs  of  the  tripple  of  that  angle 
is  as  great  as  pofiible.  In  the  third  bow,  the  quadruple,  &c.  fo 
that  the  dimenfions  of  any  pofiible  bow  may  be  determined,  by 
finding  an  angle  of  incidence  fuch,  as  that  a  certain  given  mul¬ 
tiple  of  the  correfponding  angle  of  refradtion  fiiall  exceed  it  by  a 
quantity  the  greatefl:  pofiible. 

From  thefe  data  he  finds  that  the  firfl:  bow  has  a  radius  of 
420  30',  the  fecond  51 0  55',  both  oppofite  to  the  fun;  but 
that  the  third  would  be  40°  20 7,  and  the  fourth  450  33',  from 
that  luminary,  which  is  fo  near  the  fun,  that,  on  this  account, 
probably,  they  are  not  vifible  to  us.  At  leaf  this  muit  happen  very 
rarely,  and  only  in  particular  circumftances.  The  fame  pro¬ 
blem  has,  likewife,  been  confidered  by  later  mathematicians,  par- 
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ticularly  M.  Herman  Bernoulli,  and  the  Marquis  De  Courtivron.* 
Another  calculation  of  the  angles  into  which  light  is  refracted  in 
the  formation  of  the  rainbow,  was  made  by  Dr.  Pemberton,  and 
may  be  feen  Phil.  Tranf.  ab.  p.  141,  &c. 

I  fli all  begin  my  account  of  remarkable  rainbows  with  that 
which  Dr.  B.  Languith  defcribes,  who  obferved  feveral  feries  of 
colours,  which  increafed  the  rainbow  to  a  breadth  far  exceeding 
what  had  been  determined  by  calculation.  The  moil  perfect  of 
thefe  appearances  was  that  which  he  faw  Auguft  21,  1722.  A- 
bout  half  an  hour  pafi:  five  o’clock  in  the  evening  of  that  day, 
the  weather  being  temperate,  and  the  wind  at  North  Eaft,  the 
colours  of  the  primary  rainbow  were  as  ufual  ;  only  the  purple 
was  very  much  inclining  to  red,  and  well  defined.  Under  this 
was  an  arch  of  green,  the  upper  part  of  which  inclined  to  a 
bright  yellow,  the  lower  to  a  more  dulky  green.  Under  this 
were  alternately,  two  arches  of  reddifh  purple,  and  two  of  green  ; 
and  under  all  was  a  faint  appearance  of  another  arch  of  purple, 
which  vanithed  and  returned  feveral  times  fo  quick,  that  he  could 
not  fix  his  eyes  fteadily  upon  it.  Thus,  the  order  of  the  co¬ 
lours  was 

1 .  Red,  orange,  yellow,  green,  light  blue,  deep  blue,  purple. 

2.  Light  green,  dark  green,  purple. 

3.  Green,  purple. 

4.  Green,  faint  vanishing  purple. 

So  that  here  were  four  orders  of  colours,  and  perhaps  the  be¬ 
ginning  of  a  fifth,  for  he  made  no  queftion,  but  that  what  he 
calls  the  purple  was  a  mixture  of  the  purple  of  each  of  the  up¬ 
per  feries,  with  the  red  of  the  next  below  it  ;  and  that  the  green 


*  Montucla,  Vol.  2,  p.  652. 
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was  a  mixture  of  the  intermediate  colours.  He  wrote  not  this 
barely  upon  the  credit  of  his  own  eyes,  for  there  was  a  clergy¬ 
man  and  four  other  gentlemen  in  company,  whom  he  defired  to 
view  the  colours  attentively,  and  all  agreed  that  they  appeared  in 
the  manner  now  defcribed. 

There  are  two  things,  he  fays,  which  will  deferve  to  be  taken 
notice  of,  as  they  may  perhaps  direft  us  in  fome  meafure  to  the 
folution  of  this  curious  phenomenon. 

1 .  That  the  breadth  of  the  firft  feries  fo  far  exceeded  that  of 
any  of  the  reft.  As  near  as  he  could  judge,  it  was  equal  to 
them  all  taken  together. 

2.  That  he  had  never  obferved  thofe  inner  orders  of  colours  in 
the  lower  parts  of  the  rainbow,  though  they  were  often  incom¬ 
parably  more  vivid  than  the  upper  parts,  under  which  the  colours 
appeared.  He  took  notice  of  this  fo  very  often,  that  he  thought 
it  could  hardly  be  confidered  as  accidental,  and  that,  if  it  fhould 
prove  true  in  general,  it  would  bring  the  difquifition  into  a  nar¬ 
row  compafs,  as  it  would  fhew  that  this  effedt  depends  upon 
fome  property  which  the  drops  retain  whilft  they  are  in  the  up¬ 
per  part  of  the  air,  but  which  they  lofe  as  they  come  lower,  and 
are  more  mixed  with  one  another.*' 

M.  Bouguer  frequently  faw  this  phenomenon  when  he  was 
upon  the  mountains  of  Peru,  where  the  iky  is  often  extremely 
ferene.  It  appeared  to  him  that  this  circumftance  of  ferenity 
was  necefiary  on  the  fide  of  the  fun ;  but  that  it  was  more  ne- 
ceffary  that  the  fky  fhould  be  quite  dark  on  the  oppofite  fide. 
The  colours  of  the  fecond  bow  were  in  the  fame  order  as  thofe 
of  the  firft,  and  the  red  of  the  fecond  was  well  feparated  from 


*  Phil.  Tranf.  ab.  Vol.  7,  p.  10.5. 
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the  violet  of  the  other ;  fo  that  the  two  bows  were  better  dif- 
tinguifhed  than  they  were  when  Dr.  Langwith  faw  them.  M. 
Bouguer  thought  that  he  could  fometimes  perceive  faint  traces  of 
a  third  bow,  immediately  within  the  fecond.* 

The  extraordinary  rainbow  which  was  feen  by  M.  L.  Gentil, 
the  1 8th  of  November  1756,  feems  to  have  been  of  the  fame 
nature  of  this  which  was  obferved  by  Dr.  Langwith.  Under 
the  two  common  bows,  he  faw  two  other  large  bows,  one  be¬ 
low  the  other.  The  upper  of  thefe  immediately  touched  the 
violet  of  the  common  bow.  Thefe  two  bows  were  fome  thing 
farther  from  one  another  than  their  breadth,  which  might  be  a 
little  more  than  the  third  of  the  breadth  of  the  inner  bow. 
They  were  blue,  and  of  the  fame  luftre  with  the  blue  of  the  in¬ 
ner  bow.  He  alio  thought  that  the  fpace  which  they  occupied 
was  nearly  of  the  fame  extent  with  the  inner  bow.  -f* 

Upon  another  occafion  the  fame  gentleman  and  M.  De  Fouchy 
faw,  under  the  violet  of  the  common  bow,  a  fpace  without  co¬ 
lour,  as  broad  as  the  green  and  blue  taken  together,  and  after 
that  a  lively  green,  as  lively  as  that  of  the  bow.§ 

Dr.  Pemberton  has  attempted  the  explanation  of  this  remark¬ 
able  appearance  on  the  Newtonian  dodtrine,  of  the  fits  of  eafy  re- 
fledtion  and  tranfmiffion  ;  but  he  goes  upon  the  fuppofition  that 
the  differently  coloured  rays  have  their  feparate  fits,  on  their  ar¬ 
rival  at  the  furface  of  any  medium,  without  any  regard  to  the 
thicknefs  of  it ;  whereas  it  is  plain  that,  in  fuch  a  cafe,  all  kinds 
of  rays  are  refiedled  or  tranfmitted  promifcuoufly. 

It  is  mod:  probable  that  thefe  colours  are  formed  in  very  mi¬ 
nute  drops  of  water,  or  vapour,  intermixed  with  the  larger 

*  Ac.  Par,  17 57-  M.  62.  f  lb.  p.  59.  §  lb.  p.  61. 
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drops,  that  their  formation  depends  upon  the  fame  principle  with 
the  colours  of  thin  plates,  and  that  they  are  fimilar  to  thofe  of 
feveral  kinds  of  halo’s.  Dr.  Pemberton  himfelf  obferves,  that 
it  is  moft  likely,  that  thefe  additional  rings  of  colours  are  form¬ 
ed  in  the  vapour  of  the  cloud,  which  the  air,  being  put  in  mo¬ 
tion  by  the  fall  of  the  rain,  may  carry  down  along  with  the  lar¬ 
ger  drops.  This,  he  fays,  may  be  the  reafon  why  thefe  colours  ap¬ 
pear  under  the  upper  part  of  the  bow  only,  this  vapour  not  de¬ 
fending  very  low.  As  a  farther  confirmation  of  this,  thefe  co¬ 
lours,  he  obferves,  are  feen  ftrongeft  when  the  rain  falls  from 
very  black  clouds,  which  caufe  the  fierceft  rains ;  by  the  fall 
of  which  the  air  will  be  moil  agitated.* 

Dr.  Langwith  once  faw  a  rainbow  lying  on  the  ground,  the 
colours  of  which  were  almoft  as  lively  as  thofe  of  the  common 
rainbow.  It  was  extended  feveral  hundred  yards,  and  the  co¬ 
lours  were  fo  ftrong,  that  it  might  have  been  feen  much  far¬ 
ther,  if  it  had  not  been  terminated  by  a  bank,  and  the  hedge 
of  a  field.  The  more  remarkable  particulars  in  this  bow  were, 
i .  that  the  figure  of  it  was  not  round,  but  oblong ;  being,  as 
he  conceived,  the  portion  of  an  hyperbola.  2.  that  the  convex 
part  of  it  was  turned  towards  the  eye,  and  the  vertex  at  a  fmall 
diftance  before  him  ;  and  3dly  that  the  colours  took  up  lefs 
fpace,  and  were  much  more  lively  in  thofe  parts  of  the  bow 
that  were  near  him,  than  in  thofe  which  were  at  a  difiance. 

Thefe  phenomena  he  endeavoured  to  explain  by  comparing 
this  bow  DEC,  fig.  140,  with  the  common  rainbow,  kei  E, 
formed  by  drops  falling  in  the  air,  at  a  fmall  diftance  from  the 


*  Phil.  Tranf.  ab.  Vol.  6  p.  140. 
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eye  of  the  fpe&ator  at  H,  and  touching  the  ground  with  the  lower 
part  of  its  arch  in  E,  the  vertical  point  of  the  rainbow  DEC. 
Produce,  fays  he,  the  cone  H  ie  k  E,  and  its  interfe&ion  with 
the  plane  of  the  horizon  will  give  the  figure  of  the  bow  DEC. 
Hence  it  follows  that,  as  the  angle  e  HG  happens  to  be  greater 
than,  equal  to,  or  lefs  than  90  degrees,  the  figure  will  be  an  hy¬ 
perbola,  parabola,  or  ellipfis.  2.  That  as  the  fun  was  about 
30  degrees  high  when  the  phenomenon  was  feen,  the  bow  was 
an  hyperbola.  3.  That  the  arches  of  the  fame  bow,  confifting 
of  colours  of  different  degrees  of  refrangibility,  may  alfo,  in 
fome  cafes,  be  different  feCtions  of  the  cone.  4.  Since  the  an¬ 
gle  e  HF  is  always  given,  from  the  height  of  the  point  of  view, 
HG  and  the  fun’s  altitude  SLA,  the  dimenfions  of  thefe  bows  are 
eafily  determined.* 

The  inverted  arches  which  generally  accompany  parhelia,  M. 
Weidler  fays,  have  been  fometimes  feen  without  them  ;  and  he 
takes  notice  that  M.  Tachard,  in  his  account  of  his  voyage  to 
Siam,  always  obferved  that  when  two  waves  dafhed  againfl  one 
another,  fo  as  to  throw  up  fmall  drops  of  water,  if  his  eye  was 
elevated  a  little  above  them,  he  always  faw  an  inverted  bow ; 
whereas  when  the  drops  fell  back  again,,  or  when  rain  defcend- 
ed  in  the  fame  place,  there  was  a  rainbow  in  its  ufual  pofition.  § 

Appearances  like  thefe  Defcartes  explained  by  the  reflexion  of 
the  rays  of  the  fun  from  the  furface  of  the  water,  but  M.  Weid¬ 
ler  thinks  this  account  infuflicient,  and  fays  that  the  appearance 
will  be  produced  whenever  the  rays  of  the  fun  (which  fall  upon 
drops  of  water,  fo  that  they  would  have  come  to  the  axis  of  the 
rainbow  after  two  refractions  and  one  reflexion)  fall  upon  the 

•  Phil.  Tranf.  ab  Vol.  7,  p.  103.  §  Commentarius,  p.  30. 
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eye,  placed  beyond  this  point  of  the  concourfe  of  the  rays  with 
the  axis,  under  half  that  angle.  This  account  is  very  general 
and  obfcure,  and  indeed  the  author  feems  not  to  have  examined 
it  thoroughly,  as  he  gives  no  figures,  to  fhew  how,  by  the  pro- 
grefs  of  the  rays,  thefe  appearances  may  be  produced  in  the 
manner  that  he  defcribes. 

M.  Celfius  defcribes  a  third  rainbow,  larger  than  the  two  o- 
thers,  and  interfering  them,  which  he  faw  in  Dalecarlia  in 
1743  ;  and  which  appears,  from  the  circumflances,  to  have  been 
produced  by  the  reflexion  of  the  fun  from  a  river.  Similar  to 
this  was  that  which  Dr.  Halley  faw  at  Chefter  in  1698,  and 
which  he  accounts  for  in  the  fame  manner.  The  perfon  who 
firft  fuggefted  this  method  of  explaining  thefe  excentric  bows 
was  M.  Eftienne,  Canon  of  Chartres,  who,  after  having  de- 
feribed  a  rainbow  cut  by  a  kind  of  broken  and  circular  chevron, 
of  the  fame  nature  as  the  primary  rainbow,  but  weaker  with  re- 
fpedt  to  its  colours,  obferves  that,  when  he  made  the  obferva- 
tion,  the  river  Chartres  was  betwixt  him  and  the  bow,  and  up¬ 
on  the  fame  level,  about  150  paces  from  him.  This  obfervation 
was  made  the  tenth  of  Augufl:  1665  at  half  paft  fix  in  the  even¬ 
ing.* 

M.  G.  Edwards  defcribes  a  rainbow  which  muft  have  been 
formed  by  the  exhalations  from  the  city  of  London,  when  the 
fun  had  been  fet  twenty  minutes,  and  confequently  the  center  ot 
the  bow  above  the  horizon.  The  colours  were  the  fame  as  in  the 
common  rainbow,  but  fainter. § 

*  Ac.  Par.  1743,  H.p.  54.  §  Phil.  Tranf.  Vol.  50,  p.  294. 
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SECTION  XI 


Observations  concerning  HALO’s  and  PARHELIA, 


T  the  time  that  philofophers  firft  attended  to  the  pheno- 


.  mena  of  the  rainbow,  other  appearances  in  the  atmos¬ 
phere,  as  halos  and  parhelia ,  did  not  pafs  unobferved  by  them ; 
but  as  they  are  rare,  and  confiderably  various,  it  could  not  be 
expected  that  philofophers,  in  the  early  periods  of  my  hiftoiy, 
who  had  few  opportunities  of  making  obfervations  upon  them, 
fhould  have  the  fame  fuccefs  in  their  attempts  to  account  for  them. 
I  have,  therefore,  generally  omitted  their  remarks  on  this  fub- 
je£t,  and  have  referved  them  for  an  introduction  to  the  beft  ac¬ 
count  I  have  been  able  to  coiled  of  thefe  remarkable  appear¬ 
ances,  unfatisfaCtory  as,  after  all,  I  am  fenfible  it  will  be.  I 
fhall  acquit  myfelf  in  the  beft  manner  that  I  am  capable  of,  up¬ 
on. this  intricate  fubjeCt,  by  relating,  in  the  firft  place,  fome  of 
the  more  remarkable  faCts,  and  then  reciting  the  opinions  of  the 
moft  eminent  philofophers  upon  the  fubjed. 


Coronas , 
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Coronas,  or  halos,  are  luminous  circles,  furrounding  the  fun, 
the  moon,  the  planets,  or  fixed  liars.  Sometimes  they  are 
white,  and  fometimes  coloured,  like  the  rainbow.  Sometimes 
one  only  is  vifible,  and  fometimes  feveral  concentric  corona’s 
make  their  appearance  at  the  fame  time.  Thofe  which  have 
been  feen  about  Sirius  and  Jupiter  were  never  more  than  three, 
four,  or  five  degrees  in  diameter  ;  thofe  which  furround  the  moon 
are,  alfo,  fometimes  no  more  than  three  or  five  degrees  ;  but 
thefe,  as  well  as  thofe  which  furround  the  fun,  are  of  very  diffe¬ 
rent  magnitudes,  viz.  of  120.  o',  22°.  35',  300.  o',  38°.  o',  41 Q. 
2',  450.  of,  46p.  24',  47°.  of,  and  90°.  or  even  larger  than  this. 
Their  diameters  alfo  fome  times  vary  during  the  time  of  obfer- 
vation,  and  the  breadths  both  of  the  coloured  and  white  circles 
are  very  different,  viz.  of  2,  4,  or  7  degrees. 

The  colours  of  thefe  corona’s  are  more  dilute  than  thofe  of 
the  rainbow ;  and  they  are  in  a  different  order,  according  to 
their  fize.  In  thofe  which  Newton  obferved  in  1692,  and  of 
which  a  more  particular  account  will  be  given  hereafter,  they 
were  in  the  following  order,  reckoning  from  the  infide.  In 
the  innermofl  were  blue,  white,  and  red  ;  in  the  middle  were 
purple,  blue,  green,  yellow,  and  pale  red ;  in  the  outermofl  pale 
blue,  and  pale  red.  M.  Huygens  obferved  red  next  the  fun, 
and  a  pale  blue  outwards.  Sometimes  they  are  red  on  the  infide, 
and  white  on  the  outfide.  M.  Weidler  obferved  one  that  was 
yellow  on  the  infide,  and  white  on  the  outfide.  In  France  one 
was  obferved  in  1683,  the  middle  of  which  was  white;  after 
which  followed  a  border  of  red,  next  to  it  was  blue,  then  green, 
and  the  outermofl  circle  was  a  bright  red.  In  1728  one  was 
feen  of  a  pale  red  outwardly,  then  followed  yellow,  and  then 
green,  terminated  by  white. 
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Thefe  corona’s  are  very  frequent.  In  Holland  M.  Mufchen- 
broeck  fays,  fifty  may  be  feen  in  the  day  time,  almofl:  every  year ; 
but  they  are  not  much  noticed,  becaufe people  feldom  look  towards 
the  fun  ;  and,  belides,  they  can  hardly  be  feen  except  the  eye  be 
fo  fituated,  that  not  the  body  of  the  fun,  but  only  the  neighbour¬ 
ing  parts  of  the  heavens  can  be  feen.  Mr.  Middleton  fays,  that 
this  phenomenon  is  very  frequent  in  North  America ;  for  that 
there  is  generally  one  or  two  about  the  fun  every  week,  and  as 
many  about  the  moon  every  month.*  Halo’s  round  the  fun  are 
very  frequent  in  Rufiia.  M.  iEpinus  fays  that,  from  the  twen¬ 
ty-third  of  April  1758,  to  the  twentieth  of  September,  he  him- 
felf  had  obferved  no  lefs  than  twenty-fix,  and  that  he  has  fome- 
times  feen  twice  as  many  in  the  fame  fpace  of  time.'f* 

Corona’s  may  be  produced  by  placing  a  lighted  candle  in  the 
midi!  of  fleam  in  cold  weather.  Alfo,  if  glafs  windows  be 
breathed  upon,  and  the  flame  of  a  candle  be  placed  fome  feet 
from  it,  while  the  fpedtator  is  alfo  at  the  diflance  of  fome  feet 
from  another  part  of  a  window,  the  flame  will  be  furrounded 
with  a  coloured  halo.  And  if  a  candle  be  placed  behind  a  glafs 
receiver,  when  air  is  admitted  into  the  vacuum  within  it,  at  a 
certain  degree  of  denfity,  the  vapour  with  which  it  is  loaded 
will  make  a  coloured  halo  round  the  flame.  This  was  obferved 
by  Otto  Guericke. §  In  December  1756,  M.  Mufchenbroeck 
obferved  that,  when  the  glaf6  windows  of  his  room  were  cover¬ 
ed  with  a  thin  plate  of  ice,  on  the  infide,  the  moon  appearing 
through  it  was  furrounded  with  a  large  and  varioufly  coloured 
halo  ;  and,  opening  the  window,  he  found  that  it  arofe  intirely 
from  that  thin  plate  of  ice,  for  none  was  feen,  except  through  it.  |[ 

*  Mufchenbroeck’s  Introdu&io,  Vol.  2,  p.  1036.  f  Nov.  Com.  Petrop.  Vol.  8, 
p.  392.  §  Experimenta  Magdeburgica,  p.  89.  ||  Introduttio,  p.  104.6. 
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Similar,  in  fome  refpedts,  to  the  halo,  was  the  remarkable  ap¬ 
pearance  which  M.  Bouguer  defcribes,  as  obferved  by  himfelf 
and  his  companions,  on  the  top  of  Mount  Pichinca,  in  the  Cor¬ 
deliers.  I  lhall  content  myfelf  with  a  bare  recital  of  the  fadts, 
lince  neither  the  ingenious  obferver,  nor  any  of  the  perfons  who 
have  repeated  his  account  of  it  have  attempted  any  explanation. 

When  the  fun  was  juft  rifing  behind  them,  and  a  cloud  was 
about  thirty  paces  before  them,  fo  as  to  appear  white,  each  of 
them  faw  his  own  ftiadow  projected  upon  it,  and  no  other.  The 
diftance  was  fuch,  that  all  the  parts  of  the  ftiadow  were  eaftly 
diftinguilhable,  as  the  arms,  the  leg,  and  the  head  ;  but  what 
furprifed  them  moft,  was,  that  the  head  was  adorned  with  a 
kind  of  glory,  conlifting  of  three  or  four  fmall  concentric  crowns, 
of  a  very  lively  colour,  each  exhibiting  all  the  varieties  of  the 
primary  rainbow,  and  having  the  circle  of  red  on  the  outfide. 

The  intervals  between  thefe  circles  continued  equal,  though 
the  diameters  of  them  all  were  conftantly  changing.  The  laft 
of  them  was  very  faint,  and,  at  a  conftderable  diftance  was  ano¬ 
ther  great  white  circle,  which  furrounded  the  whole. 

As  near  as  M.  Bouguer  could  compute,  the  diameter  of  the 
firft  of  thefe  circles  was  about  5  4  degrees,  that  of  the  fecond  1 1 , 
that  of  the  third  17,  and  fo  on ;  but  the  diameter  of  the  white 
circle  was  about  67  degrees.  This  phenomenon  never  appeared 
but  in  a  cloud,  conlifting  of  frozen  particles,  and  never  in  drops 
of  rain,  like  the  rainbow.  When  the  fun  was  not  in  the  hori¬ 
zon,  only  part  of  the  white  circle  was  vilible,  as  M.  Bouguer 
frequently  oblerved  afterwards.* 

*  Ac.  Par.  1744,  M.  p.  366.. 
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Similar  alfo,  to  this  curious  appearance,  was  one  that  was  ob- 
ferved  by  Dr.  M’  Fait  in  Scotland.  This  gentleman  obferved  a 
rainbow  round  his  fhadow  in  the  milt,  when  he  was  upon  an 
eminence  above  it.  In  this  fituation  the  whole  country  round 
feemed,  as  it  were,  buried  under  a  vaft  deluge,  and  nothing  but 
the  tops  of  diftant  hills  appeared  here  and  there,  above  the  flood  ; 
fo  that  a  man  would  think  of  diving  down  into  it  with  a  kind  of 
horror.  In  thofe  upper  regions  the  air,  he  fays,  is,  at  that  time, 
very  pure  and  agreeable  to  breath  in.  At  another  time  he  ob¬ 
ferved  a  double  range  of  colours  round  his  fhadow  in  thefe  cir- 
cumflances.  The  colours  of  the  outermofl  range  were  broad, 
and  very  diftinCt,  and  every  where  about  two  feet  diftant  from 
the  fhadow.  Then  there  was  a  darkifh  interval,  and  after  that 
another  narrower  range  of  colours,  clofely  furrounding  the  fha¬ 
dow,  which  was  very  much  contracted.  This  perfon  feems  to 
think  that  thefe  ranges  of  colours  are  caufed  by  the  inflection  of 
the  rays  of  light,  the  fame  that  occafioned  the  ring  of  light  which 
furrounds  the  fhadows  of  all  bodies,  obferved  by  M.  Maraldi, 
-and  this  author.* 

Such  are  the  fatts  which  I  have  been  able  to  collect  on  the 
fubjeCt  of  halo’s,  and  they  are,  certainly,  extremely  curious, 
and  pleafing.  I  with  it  were  in  my  power  to  give  my  reader  as 
much  pleafure  with  refpeCt  to  the  caufe  of  thefe  appearances.  I 
would  obferve,  in  general,  that  the  prodigious  variety  with  which 
they  are  exhibited  feems  to  fhew  that  many  of  them  do  not  re- 
fult  from  the  general  laws  of  reflexion,  refraction,  or  inflection, 
belonging  to  tranfparent  fubftances  of  a  large  mafs,  but  upon  the 
alternate  reflexion  and  tranfmiflion  of  the  different  kinds  of  rays, 

*  Edinb.  Eflays,  Vol.  i,  p.  198. 
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peculiar  to  fubftances  reduced  to  the  form  of  thin  plates,  or  con- 
fifting  of  feparate  and  very  minute  parts.  But  where  the  dimen- 
lions  of  the  corona’s  are  pretty  conftant,  as  in  the  ufual  and  lar¬ 
ger  halo,  which  is  about  half  the  diameter  of  the  rainbow,  they 
may,  perhaps,  be  explained  on  the  general  principles  of  refrac¬ 
tion  only.  If,  however,  I  be  not  able  to  give  my  reader  intire 
fatisfaCtion  in  this  refpeCt,  I  {hall  endeavour  to  amufe  him,  and 
at  the  fame  time  put  him  upon  thinking  for  himfelf,  by  prefent- 
ing  him  with  a  feries  of  opinions  on  this  fubjeCl. 

Defcartes  obferves,  that  the  halo  never  appears  when  it  rains, 
from  which  he  concludes  that  this  phenomenon  is  occalioned  by 
the  refraction  of  light  in  the  round  particles  of  ice,  which  are  then 
floating  in  the  atmofphere ;  and  though  thefe  particles  are  flat 
when  they  fall  to  the  ground,  he  thought  they  mull  be  purtu- 
berant  in  the  middle,  before  their  defcent ;  and  according  to  this 
pertuberancy  he  imagined  that  the  diameter  of  the  halo  would 
vary.* 

In  treating  of  meteors,  Gaflendi  fuppofed  that  a  halo  is  the 
fame  thing  with  the  rainbow,  the  rays  of  light  being,  in  both 
cafes,  twice  refraCted  and  once  reflected,  within  each  drop  of 
rain  or  vapour,  and  that  all  the  difference  there  is  between  them 
arifes  from  their  different  fituation  with  refpeCt  to  the  obferver. 
For,  whereas,  when  the  fun  is  behind  the  fpeCtator,  and  confe- 
quently  the  rainbow  before  him,  his  eye  is  in  the  center  of  the 
circle  when  he  views  the  halo,  with  his  face  towards  the  fun, 
his  eye  is  in  the  circwnference  of  the  circle  ;  fo  that,  according 
to  the  known  principles  of  geometry,  the  angle  under  which  the 
objeCt  appears  in  this  cafe,  muft  be  juft  half  of  what  it  is  in  the 


•  Dioptrics,  p.  230. 
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-other.*  Though  this  writer  fays  a  great  deal  upon  the  fubjedt, 
and  endeavours  to  give  reafons  why  the  colours  of  the  halo  are  in 
a  different  order  to  thofe  of  the  rainbow,  he  does  not  defcribe 
the  progrefs  of  the  rays  of  light  from  the  fun,  to  the  eye  of  the 
ipedlator,  when  a  halo  is  formed  by  them,  and  he  gives  no  fi¬ 
gures  to  explain  his  ideas. 

Dechales,  alfo,  endeavours  to  fhow  that  the  generation  of  the 
halo  is  fimilar  to  that  of  the  rainbow.  If,  fays  he,  a  fphere  of 
glafs  or  cryftal,  AB.  fig.  141,  full  of  water,  be  placed  in  the 
beams  of  the  fun  fhining  from  C,  there  will  not  only  be  two 
circles  of  coloured  light,  on  the  fide  next  the  fun,  and  which 
conftitute  the  twQ  rainbows ;  but  there  will  alfo  be  another  on 
the  part  oppofite  to  the  fun,  the  rays  belonging  to  which  meet¬ 
ing  at  E,  afterwards  diverge,  and  form  the  coloured  circle  G,  as 
will  be  vifible,  if  the  light  that  is  tranfmitted  through  the  globe 
be  received  on  a  piece  of  white  paper.  The  colours  alfo  will 
appear  to  an  eye  placed  in  any  part  of  the  furface  of  the  cone 
FEG.  Meafuring  the  angle  FEH,  he  found  it  to  be  23  degrees. 
They  were  only  the  extreme  rays  of  this  cone  that  were  colour¬ 
ed  like  thofe  of  the  rainbow. 

This  experiment  he  thought  fufficiently  illuftrated  the  genera¬ 
tion  of  the  halo,  fo  that  whenever  the  texture  of  the  clouds  is 
fuch,  as  not  entirely  to  intercept  the  rays  of  the  fun  or  moon, 
and  yet  have  fome  degree  of  denlity,  there  will,  always  be  an 
halo  round  them,  the  colours  of  the  rainbow  appearing  in  thofe 
drops  which  are  23  degrees  diftant  from  the  fun  or  moon.  If 
the  fun  be  at  A,  fig.  142,  and,  the  fpedator  in  B,  the  halo 
yvill  be  the  circle  DFE,  DBE  being  46  degrees,  or  twice  23. 

*  Gafleudi  Opera,  Yol.  2,  p.  103. 
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The  reafon  why  the  colours  of  the  halo  are  more  dilute  then 
thofe  of  the  rainbow,  he  fays,  is  owing  principally  to  their  be¬ 
ing  formed  not  in  large  drops  of  rain,  but  in  very  fmall  vapour ; 
for  if  the  drops  of  water  were  large,  the  cloud  would  be  fo  thick, 
that  the  rays  of  the  fun  could  not  be  regularly  tranfmitted 
through  them  ;  and,  on  the  other  hand,  he  had  obferved,  that 
when  the  rainbow  is  formed  by  very  thin  vapours,  the  colours 
hardly  appear.* 

As  for  thofe  circles  of  colours  which  are  fometimes  feen  round 
candles,  it  was  his  opinion  that  they  are  owing  to  nothing  but 
moifture  on  the  eye  of  the  obferver;  for  that  he  could  never  pro¬ 
duce  this  appearance  by  means  of  vapour  only,  if  he  wiped  his 
eyes  carefully  ;  and  he  had  obferved  that  fuch  circles  are  vifible 
to  fome  perfons  and  not  to  others,  and  to  the  fame  perfons  at  one 
time  and  not  at  another. 

The  moft  confiderable  of  all  the  theories  refpecting  halo’s,  and 
that  which  has  met  with  the  moft  favourable  and  the  longeft  re¬ 
ception,  is  that  of  M.  Huygens.  Sir  Ifaac  Newton  mentions  it 
with  refpedt,  and  Dr.  Smith,  in  his  Complete  fyflem  of  optics ,  does 
not  fo  much  as  hint  at  any  other.  On  this  account,  my  reader 
will  expedt  a  fuller  account  of  it  than  I  myfelf  ftiould,  other- 
wife,  think  it  deferved. 

The  occafton  of  M.  Huygens  publiihing  his  thoughts  on  this 
fubjedt  was  the  appearance  of  a  halo  at  Paris,  on  the  12th  of 
May  1667,  of  which  he  gave  an  account  in  a  paper  read  at  the 
Royal  Academy  in  that  city,  which  was  afterwards  tranflated, 
and  publiftied  in  the  Englifti  Philofophical  tranfadtions ;  and 
which  may  be  feen  in  Lowthorp’s  Abridgment,  Vol.  2,  p.  189. 

*  Curfus  Mathematicus,  Vol.  3,  p.  758. 
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But  this  article  contains  nothing  more  than  the  heads  of  a  dif- 
courfe,  which  he  afterwards  compofed,  but  never  quite  finifhed 
ou  this  fubjed  ;  and  which  has  been  tranflated,  with  fome  ad¬ 
ditions*  by  Dr.  Smith,  from  whom  the  following  account  is, 
chiefly,  extraded. 

Our  philofopher  had  been  firfl:  engaged  to  think  particularly 
upon  this  fubjed  by  the  appearance  of  five  fiins  at  Warfaw,  in 
1658,  prefently  after  which,  he  fays,  he  hit  upon  the  true  caufe 
of  halo’s,  and  not  long  after  of  that  of  mock  funs  alfo. 

To  prepare  the  way  for  the  following  obfervations,  it  mud  be. 
remarked,  that  if  we  can  conceive  any  kind  of  bodies  in  the 
atmofphere,  which,  according  to  the  known  laws  of  opticks, 
will,  either  by  means  of  reflexion  or  refradion,  produce  the  ap¬ 
pearance  in  quedion,  when  nothing  elfe  can  be  found  that  will 
do  it,  we  mull  acquiefce  in  the  hypothefis,  and  fuppofe  fuch  bo¬ 
dies  to  exid,  even  though  we  cannot  give  a  fatisfadory  account  of 
their  generation.  Now  two  fuch  bodies  are  affumed  by  M. 
Huygens,  one  of  them  a  round  ball,  opaque  in  the  center,  but 
covered  with  a  tranfparent  fhell,  and  the  other  is  a  cylinder,  of  a 
fimilar  compofition.  By  the  help  of  the  former  he  endeavours 
to  account  for  halo’s,  and  by  the  latter  for  thofe  appearances 
which  are  called  mock  funs.  Thofe  bodies  which  M.  Huygens 
requires,  in  order  to  explain  thefe  phenomena  are  not,  however, 
a  mere  affumption  ;  for  fome  fuch,  though  of  a  larger  lize  than 
his  purpofe  requires,  have  been  adually  found,  confiding  of 
fnow  within,  and  ice  without.  They  are  particularly  mention¬ 
ed  by  Defcartes.  I  ihall  begin  with  our  philofopher’s  account 
of  the  halo. 

The  balls  with  the  opaque  kernel,  which  he  fuppofed  to  have 
been  the  caufe  of  them,  he  imagines  not  to  exceed  the  fize  of  a 

turnip 
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turnip  feed ;  but,  in  order  to  illuftrate  this  hypothecs,  he  gives 
a  figure  of  one,  of  a  larger  from  ABCD,  fig.  143,  EF  reprefen t- 
ing  the  kernel  of  fnow  in  the  middle  of  it.  If  the  rays  of  light, 
coming  from  GH,  fall  upon  the  fide  AD,  it  is  manifeft  they 
will  be  fo  refradted  at  A  and  D,  as  to  bend  inwards ;  and  many 
of  them  will  flrike  upon  the  kernel  EF.  Others,  however,  as 
GA,  and  HD,  will  only  touch  the  fides  of  the  kernel  ;  and  be¬ 
ing  again  refradted  at  B  and  C,  will  emerge  in  the  lines  BK,  CK, 
eroding  each  other  in  the  point  K,  whofe  neareft  diftance  from 
the  globule  is  fomewhat  lefs  than  its  apparent  diameter.  If, 
therefore,  BK  and  CK  be  produced  towards  M  and  L,  fig.  1 44, 
it  is  evident  that  no  light  can  reach  the  eye  placed  within  the 
angle  LKM,  but  may  fall  upon  it  when  placed  out  of  that  angle, 
or  rather  the  cone  reprefented  by  it. 

For  the  fame  reafon,  every  other  of  thefe  globules  will  have  a 

(  A 

fhadow  behind  it,  in  which  the  light  of  the  fun  will  not  be  per¬ 
ceived.  If  the  eye  be  at  N,  and  that  be  conceived  to  be  the  ver¬ 
tex  of  a  cone,  the  fides  of  which  NR,  NQ^are  parallel  to  the  fides 
of  the  former  cone  KL,  KM,  it  is  evident  that  none  of  the  glo¬ 
bules  within  the  cone  QNR  can  fend  any  rays  of  the  fun  to  the 
eye  at  N.  But  any  other  globule  out  of  this  cone,  as  X,  may 
fend  thofe  rays,  which  are  more  refradted  than  XZ  to  the  eye  ;  fo 
that  this  will  appear  enlightened,  while  thofe  within  the  cone 
will  appear  obfeure.  It  is  evident  from  this,  that  a  certain  area, 
or  fpace,  quite  round  the  fun,  muff  appear  dark  ;  and  that  the 
fpace  next  to  this  area  will  appear  luminous,  and  more  fo  in 
thofe  parts  that  are  neareft  to  the  obfeure  area  ;  becaufe,  he  fays, 
it  may  eafily  be  demonftrated,  that  thofe  globules  which  are 
neareft  to  the  cone  QNR  exhibit  the  largeft  image  of  the  fun. 

It  is 
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It  is  plain,  alfo,  that  a  corona  ought  to  he  produced  in  the  fame 
manner,  whatever  be  the  fun’s  altitude,  becaufe  of  the  fpherical 
figure  of  the  globules. 

To  verify  this  hypothecs,  our  philofopher  advifes  us  to  expofe 
to  the  fun  a  thin  glafs  bubble,  filled  with  water,  and  having  fome 
opaque  fubflance  in  the  center  of  it ;  and  he  fays  we  fliall  find, 
that  we  fhall  not  be  able  to  fee  the  fun  through  it,  unlefs  at  a 
certain  diftance  from  a  place  oppofite  to  the  center  of  it ;  but  as 
loon  as  we  do  perceive  the  light,  the  image  of  the  fun  will  im¬ 
mediately  appear  the  brightefl,  and  coloured  red,  for  the  fame 
reafon  as  in  the  rainbow. 

* 

Thefe  corona’s,  he  fays,  often  appear  about  the  moon  ;  but 
the  colours  are  fo  weak  as  to  appear  only  white.  Such  white  co¬ 
rona’s  he  had  alfo  feen  about  the  fun,  when  the  fpace  within 
them  appeared  fcarce  darker  than  that  without.  This  he  fup- 
pofes  to  happen  when  there  are  but  few  of  thofe  globules  in  the 
atmofphere  ;  for  the  more  plentiful  they  are,  the  more  lively  the 
colours  of  the  halo  appear ;  at  the  fame  time  alfo  the  area  with¬ 
in  the  corona  will  be  the  darker.  The  apparent  diameter  of  the 
corona,  which  is  generally  about  45  degrees,  depends  upon  the 
fize  of  the  dark  kernel  for  the  larger  it  is  with  refpedt  to  the 
whole  globule,  the  larger  will  be  the  dark  cone  behind  it. 

The  globules  that  form  thefe  halo’s,  Mr.  Huygens  fuppofes 
to  have  confifledof  foft  fnow,  and  to  have  been  rounded  by  con¬ 
tinual  agitation  in  the  air,  and  thawed  on  their  outfides  by  the 
heat  of  the  fun. 

To  make  the  diameter  of  the  halo  45  degrees,  he  demonftrates 
that  the  femi-diameter  of  the  globule  muft  be  to  the  femi-dia- 
meter  of  the  kernel  of  fnow  very  nearly  as  1000  to  480 ;  and 

that 
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that  to  make  a  corona  of  100  degrees,  it  muft  be  as  a  1000 
to  680. 

Mr.  Weidler,  in  his  Commentary  on  Parhelia  s,  published  at 
Wittemburgh  in  1738,  obferves  that  it  is  very  improbable  that 
fuch  globes  as  Mr.  Lluygens’  hypothecs  requires,  with  nuclei  of 
fuch  a  precife  proportion,  fhould  exift ;  and  if  there  were  fuch 
bodies,  he  thinks  they  would  be  too  fmall  to  produce  the  effects 
afcribed  to  them. 

Eefides,  he  obferves  that  appearances  exactly  fimilar  to  halo’s 
are  not  uncommon,  where  fluid  vapours  alone  are  concerned,  as 
when  a  candle  is  placed  behind  the  Ream  of  boiling  water  in 
frofty  weather,  or  in  the  midft  of  the  vapour  ifluing  copioufly 
from  a  bath,  or  behind  a  receiver,  when  the  air  is  fo  much  rare¬ 
fied  as  to  be  incapable  of  fupporting  the  water  it  contains.* 

The  rays  of  the  fun  twice  reflected  and  twice  refracted  with¬ 
in  fmall  drops  of  water  are  fuflicient,  he  fays,  without  any  opa¬ 
que  kernel,  to  produce  all  the  appearances  of  the  halo’s  that  have 
the  red  light  towards  the  fun,  as  may  be  proved  by  experiment. 
That  the  diameter  of  the  halo  is  generally  half  of  that  of  the 
rainbow,  he  accounts  for  as  Gaflendi  did  before  him. 

M.  Mariotte  accourits  for  the  formation  of  the  fmall  corona  s 
by  the  tranfmiflion  of  light  through  aqueous  vapours,  where  it 
fuffers  two  refractions,  without  any  intermediate  reflection.  He 
fhews  that  light  which  comes  to  the  eye,  after  being  refraCted  in 
this  manner,  will  be  chiefly  that  which  falls  upon  the  drop  near¬ 
ly  perpendicular  ;  becaufe  more  rays  fall  upon  any  given  quan¬ 
tity  of  furface  in  that  fituation,  fewer  of  them  are  reflected  with 
fmall  degrees  of  obliquity,  and  they  are  not  fo  much  fcattered 


#  Commentarius,  p.  24. 
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after  refra&ion.*  The  red  will  always  be  outermoft  in  thefe 
corona’s,  as  confining  of  rays  which  fuffer  the  leaf!  refraction. 
And  whereas  he  had  feen,  when  the  clouds  were  driven  brifkly 
by  the  wind,  halo’s  round  the  moon,  varying  frequently  in  their 
diameter,  being  fometimes  of  two,  fometimes  of  three,  and 
fometimes  of  four  degrees  fometimes  alfo  being  coloured, 
fometimes  only  white,  and  fometimes  difappearing  intirely  ;  he 
concluded  that  all  thefe  variations  arofe  from  the  different  thick- 
nefs  of  the  clouds,  through  which  fometimes  more  and  fome¬ 
times  lefs  light  was  tranfmitted.  He  fuppofed,  alfo,  that  the 

i 

light  which  formed  them  might  fometimes  be  reflected,  and  at 
other  times  refraCted. -f* 

As  to  thofe  corona’s  which  conflfl  of  two  orders  of  colours,  he 
imagined  that  they  were  produced  by  fmall  pieces  of  fnow, 
which  when  they  begin  to  diffolve,  form  figures  which  are  a  lit¬ 
tle  convex  towards  their  extremities.  Sometimes,  alfo,  the 
fnow  will  be  melted  in  different  fhapes ;  and  in  this  cafe,  the 
colours  of  feveral  halo’s  will  be  intermixed,  and  confufed  ;  and 
fuch,  he  fays,  he  had  fometimes  obferved  round  the  fun.§ 

M.  Mariotte  then  proceeds  to  explain  the  larger  coronas ,  name¬ 
ly  thofe  that  are  about  45  degrees  in  diameter,  and  for  this  pur- 
pofe  he  has  recourfe  to  equiangular  prifms  of  ice,  in  a  certain 
pofition  with  refpeCt  to  the  fun  ;  and  he  takes  pains  to  trace  the 
progrefs  of  the  rays  of  light  for  this  purpofe ;  but  this  hypothe- 
fis  is  fo  improbable,  that  I  fhall  eafily  be  excufed  for  not  follow¬ 
ing  him  in  his  invefligation.  In  fome  cafes  he  thought  that 
thefe  large  corona’s  were  caufed  by  hail-ftones,  of  a  pyramidal 
figure  5  becaufe,  after  two  or  three  of  them  had  been  feen  about 

t  lb.  p.  270.  §  lb.  270. 


*  Mariotte’s  Works,  p.  268. 
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the  fun,  there  fell  the  fame  day  feveral  fuch  pyramidal  hal¬ 
ftones.*  M.  Mariotte  explains  parhelia  by  the  help  of  the  fame 
fuppofitions. 

Sir  Ifaac  Newton  does  not  appear  to  have  given  any  particular 
attention  to  the  fubjecft  of  halo’s,  but  he  has  hinted  at  his  fen- 
timents  concerning  them  occafionally ;  by  which  we  perceive 
that  he  conlidered  the  larger  and  lefs  variable  appearances  of  this 
kind  as  produced  according  to  the  common  laws  of  refraction, 
but  that  the  lefs  and  more  variable  appearances  depend  upon  the 
fame  caufe  with  the  colours  of  thin  plates. 

He  concludes  his  explication  of  the  rainbow  with  the  fol¬ 
lowing  obfervation  on  halo’s  and  parhelias.  The  light  which 
comes  through  drops  of  rain  by  two  refractions,  without  any  re¬ 
flexion,  ought  to  appear  the  ftrongeft  at  the  diflance  of  about 
26  degrees  from  the  fun,  and  to  decay  gradually  both  ways,  as 
the  diftance  from  him  increafes ;  and  the  fame  is  to  be  under- 
ftood  of  light  tranfmitted  through  fpherical  hail-ftones;  and  if 
the  hail  be  a  little  flatted,  as  it  often  is,  the  tranfmitted  light 
may  be  fo  ftrong,  at  a  little  lefs  diftance  than  that  of  26  degrees, 
as  to  form  a  halo  about  the  fun  or  moon ;  which  halo,  as  often 
as  the  hail-ftpnes  are  duly  figured,  may  be  coloured,  and  then 
it  muft  be  red  within  by  the  leaft  refrangible  rays,  and  blue  with¬ 
out  by  the  moft  refrangible  ones;  efpecially  if  the  hail-ftones 
have  opaque  globules  of  fnow  in  their  centers  to  intercept  the 
light  within  the  halo,  as  M.  Huygens  has  obferved,  and  make 
the  infide  of  it  more  diftindtly  defined  than  it  would  otherways 
be.  For  fuch  hail-ftones,  though  fpherical,  by  terminating  the 
light  by  the  fnow,  may  make  a  halo  red  within  and  colourlefs 


#  Marriotte’s  Works,  p.  275. 
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without,  and  darker  within  the  red  than  without,  as  halo’s  ufe  to 
be.  For  of  thofe  rays  which  pafs  clofe  by  the  fnow,  the  red 
making  ones  will  be  the  leaft  refradted,  and  fo  come  to  the  eye 
in  the  ftraighteft  lines. * 

Some  farther  thoughts  of  Sir  Ifaac  Newton’s,  on  the  fubjedt 
of  halo’s  we  find  fubjoined  to  the  account  of  his  experiments  on 
the  colours  of  thick  plates  of  glafs,  which,  as  we  have  feen,  he  con¬ 
ceived  to  be  fimilar  to  thofe  which  are  exhibited  by  thin  ones. 
As  light  reflected  by  a  lens  quick  filvered  on  the  back  fide  makes 
the  rings  of  colours  above  defcribed,  fo  he  fays,  it  ought  to 
make  the  like  rings  in  palling  through  a  drop  of  water.  At  the 
firffc  reflexion  of  the  rays  within  the  drop,  fome  colours  ought  to 
be  tranfmitted,  as  in  the  cafe  of  a  lens,  and  others  to  be  reflect¬ 
ed  back  to  the  eye.  For  inftance,  if  the  diameter  of  a  fmall 
drop  or  globule  of  water  be  about  the  500th  part  of  an  inch,  fo 
that  a  red  making  ray,  in  palling  through  the  middle  of  this  glo¬ 
bule,  has  250  fits  of  eafy  tranfmiflion  within  the  globule,  and 
all  the  red  making  rays  which  are  at  a  certain  diftance  from  this 
middle  ray  round  about  it  have  249  fits  within  the  globule,  and 
all  the  like  rays  at  a  certain  farther  diftance  round  about  it  have 
248  fits,  and  all  thofe  at  a  certain  farther  diftance  247  fits,  and 
fo  on,  thefe  concentric  circles  of  rays,  after  their  tranfmiflion, 
falling  on  a  white  paper,  will  make  concentric  rings  of  red 
upon  the  paper ;  fuppofing  the  light  which  pafles  through  one 
Angle  globule  ftrong  enough  to  be  fenlible,  and  in  like  manner, 
the  rays  of  other  colours  will  make  rings  of  other  colours.  Sup- 
pofe  now  that  in  a  fair  day  the  fun  fhould  fhine  through  a  thin 
cloud  of  fuch  globules  of  water  or  hail,  and  that  the  globules 


*  Newton’s  Opticks,  p.  155. 
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are  all  of  the  fame  fize,  the  fun  feen  through  this  cloud  ought 
to  appear  furrounded  with  the  like  concentrick  rings  of  colours, 
and  the  diameter  of  the  firfl  ring  of  red  fhould  be  7  t  de¬ 
grees,  that  of  the  fecond  10  4,  that  of  the  third  12°,  33',  and 
according  as  the  globules  of  water  are  bigger  or  lefs,  the  ring 
fhould  be  lefs  or  bigger. 

This  curious  theory  our  author  informs  us  was  confirmed  by  an 
obfervation  which  he  made  in  June  1692.  He  faw  by  reflexion, 
in  a  veflel  of  flagnating  water,  three  halo’s,  crowns,  or  rings  of 
colours  about  the  fun,  like  three  little  rainbows  concentric  to 
his  body.  The  colours  of  the  firfl,  or  innermofl  crown,  were 
blue  next  the  fun,  red  without,  and  white  in  the  middle,  be¬ 
tween  the  blue  and  red.  Thofe  of  the  fecond  crown  were  pur¬ 
ple  and  blue  within,  and  pale  red  without,  and  green  in  the  mid¬ 
dle.  And  thofe  of  the  third  were  pale  blue  within,  and  pale  red 
without.  Thefe  crowns  inclofed  one  another  immediately,  fo 
that  their  colours  proceeded  in  this  continual  order  from  the  fun 
outward ;  blue,  white,  red  ;  purple,  blue,  green,  pale  yellow, 
and  red ;  pale  blue,  pale  red.  The  diameter  of  the  fecond  crown, 
meafured  from  the  middle  of  the  yellow  and  red  on  one  fide  of 
the  fun,  to  the  middle  of  the  fame  colour  on  the  other  fide,  was 
9  -7  degrees,  or  thereabouts.  The  diameters  of  the  firfl:  and 
third  he  had  not  time  to  meafure,  but  that  of  the  firfl  feemed 
to  be  about  five  or  fix  degrees,  and  that  of  the  third  about 
twelve.  The  like  crowns  appear  fometimes  about  the  moon. 
For  in  the  beginning  of  the  year  1664,  on  February  19th  at 
night,  he  faw  two  fuch  crowns  about  her.  The  diameter  of  the 
firfl,  or  innermofl,  was  about  three  degrees,  and  that  of  the  fe¬ 
cond  about  five  degrees  and  a  half.  Next  about  the  moon  was  a 
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circle  of  white,  and  next  about  that  the  inner  crown,  which  was 
of  a  bluifh  green  within,  next  the  white,  and  of  a  yellow  and  red 
without ;  and  next  about  thefe  colours  were  blue  and  green  on 
the  infide  of  the  outer  crown,  and  red  on  the  outfide  of  it. 

At  the  fame  time  there  appeared  a  halo  at  the  diftance  of 
about  220.  35 '  from  the  center  of  the  moon.  It  was  elliptical, 
and  its  long  diameter  was  perpendicular  to  the  horizon,  verging 
below  farthe.ft  from  the  moon.  Pie  was  told  that  the  moon  has 
fometimes  three  or  more  concentric  crowns  of  colours  encom- 
paffing  one  another  next  about  her  body.  The  more  equal  the 
globules  of  water  or  ice  are  to  one  another,  the  more  crowns  of 
colours  will  appear,  and  the  colours  will  be  the  more  lively. 
The  halo,  at  the  diftance  of  22  i  degrees  from  the  moon,  is  of 
another  fort.  By  its  being  oval,  and  more  remote  from  the  moon 
below  than  above,  he  concludes  that  it  was  made  by  refradtion 
in  fome  kind  of  hail  or  fnow  floating  in  the  air  in  an  horizontal 
pofture,  the  refradting  angle  being  about  50  or  60  degrees.'*  Dr. 
Smith,  however,  makes  it  fufliciently  evident,  that  the  reafon 
why  this  halo  appeared  oval,  and  more  remote  from  the  moon 
towards  the  horizon,  is  a  deception  of  fight,  and  the  fame  with 
that  which  makes  the  moon,  appear  larger  in  the  horizon. 

Dr.  Kotelnihow,  having,  like  Dr.  Halley,  made  very  accurate 
obfervations  to  determine  the  number  of  pofiible  rainbows,  con- 
fldered  the  coloured  halo  which  appears  about  a  candle  as  the 
fame  thing  with  one  of  thefe  bows  which  is  formed  near  the 
body  of  the  fun,  but  which  is  not  vifible  on  account  of  his  ex- 
ceflive  fplendor.§ 

Laftly,  M.  Mufchenbroeck  concludes  his  account  of  corona’s 
with  obferving,  that  fome  denfity  of  vapour,  or  fome  thicknefs 

*  Newton’s  Opticks,  p.  288.  §  Nov.  Com.  Petrop.  Vol.  7,  p.  276. 
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of  the  plates  of  ice  divides  the  light  in  its  tranfmiffion  either 
through  the  fmall  globules  of  water,  oi  their  interfKces,  into  its 
feparate  colours  ;  but  what  that  deniity  was,  or  what  was  the 
lize  of  the  particles  which  compofed  the  vapour,  he  could  not 
pretend  to  determine.* 

Thefe  are  all  the  obfervations  worth  much  notice  that  I  have 
been  able  to  colledt  on  the  fubjedl  of  corona’s  or  halo’s.  I  muft 
nowproceed  to  the  confideration  of  a  more  fplendid  phenomenon, 
or  rather  a  train  of  phenomena;  with  the  light  of  which  we  are 
but  feldom  favoured.  I  mean  parhelia ,  and  the  circles  which  ac¬ 
company  them. 

Mention  is  made  of  PARHELIA  both  by  the  ancients  and 
the  moderns.  Ariftotle  relates  that  two  were  feen  in  Bofphorus, 
from  morning  to  evening,  though,  in  general,  he  obferves,  they 
are  not  feen  except  when  the  fun  is  near  the  horizon.  Pliny  has 
related  under  what  confuls  this  phenomenon  was  ever  feen  at 
Rome.  Gaffendi  fays  that,  in  1635  and  1636,  he  often  faw  one 
mock-fun.  In  1689  M.  De  la  Hire  faw  two,  as  did  Caffini  in 
1693,  Mr.  Grey  in  1700,  and  Dr.  Halley  in  1702  ;  but  the  mod: 
celebrated  appearance  of  this  kind  is  that  which  was  feen  at  Rome 
by  Scheiner,  in  which  there  were  four  mock  funs.  The  fame 
number,  however,  was  feen  by  M.  Mufchenbroeck  at  Utrecht, 
and  feven  funs  were  feen  by  Hevelius  at  Sedan,  in  1661. 

The  apparent  fize  of  parhelia  is  the  fame  as  that  of  the  true 
fun  ;  but  they  are  not  always  round,  and  alfo  they  are  not  al¬ 
ways,  though  they  are  fometimes  faid  to  be,  as  bright  as  the 
true  fun.  When  there  are  a  number  of  them,  fome  are  not  fo 
bright  as  ethers.  Externally  they  are  tinged  with  colours,  like 


*  Introdu&io,  p.  1037. 
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the  rainbow,  and  many  have  a  long  fiery  tail  oppofite  to  the  fun, 
but  paler  towards  the  extremity.  Dr.  Halley  obferved  one  which 
had  tails  extending  both  ways,  and  fuch  a  one  alfo  M.  Mufchen- 
broeck  obferved  in  17^3,  the  tails  being-in  a  right  line  drawn 
through  both  the  funs.  Both  of  them,  alfo,  were  in  coloured 
circles.  M.  Weidler  faw  a  parhelion  with  one  tail  pointing  up¬ 
wards  and  another  downwards,  a  little  crooked  ;  the  external 
limb,  with  refpedt  to  the  fun,  being  of  a  purple  colour,  and  on 
the  other  fide  it  was  tinged  with  the  colours  of  the  rainbow. 
The  tails  of  thefe  parhelia,  for  the  moft  part,  appear  in  a  white 
horizontal  circle.* 

Corona’s  generally  accompany  parhelia,  fome  tinged  with  the 
colours  of  the  rainbow,  and  others  white.  They  differ  in  num¬ 
ber  and  fize,  but  they  are  all  of  the  fame  breadth,  which  is  that 
of  the  apparent  diameter  of  the  fun. 

A  very  large  white  circle ,  parallel  to  the  horizon,  generally 
paffes  through  all  the  parhelia }  and,  if  it  were  intire,  it  would 
go  through  the  center  of  the  fun.  Sometimes  there  are  arcs  of 
leffer  circles  concentric  to  this,  touching  thofe  coloured  circles 
which  furround  the  fun.  They  are  alfo  tinged  with  colours,  and 
contain  other  parhelia.  There  are  alfo  faid  to  have  been  other 
circles  obliquely  fituated  with  refpedl  to  all  thofe  we  have  men¬ 
tioned  ;  but  of  this  I  have  met  with  no  authentic  account. 
The  order  of  the  colours,  in  thefe  circles,  is  the  fame  as  in  the 
rainbow  ;  but  on  the  infide,  with  refpeft  to  the  fun,  they  are 
red,  as  is  alfo  obferved  in  many  other  corona’s. 

M.  Feuillee  faw  a  circle  parallel  to  the  horizon  tinged  with 
blighter  colours  than  thofe  of  the  other  circle  which  had  the  fun 
in  its  center,  and  the  diameter  of  this  parallel  circle  was  only 
one  half  of  the  other. 


*  Introdu&io,  p.  1039 
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A  remarkable  appearance  of  this  kind  was  feen  by  M.  Muf- 
chenbroeck  at  Leyden  in  1753.  There  was  only  one  parhelion, 
'but  it  had  three  tails,  two  of  them  parallel  to  the  horizon,  and 
the  third  pointing  towards  the  zenith,  and  which  he  fuppofed 
might  poflibly  be  a  portion  of  a  circle.  It  was  twelve  degrees  in 
length,  tinged  with  all  the  colours  of  the  rainbow,  very  vivid, 
and  eafily  diftinguifhed  from  one  another.  The  red  was  next  the 
fun,  and  the  violet  outwards.  Towards  the  zenith  there  was  a 
coloured  arc,  which  was  one  fourth  part  of  a  circle,  parallel  to 
the  horizon,  50  degrees  in  diameter.  The  breadth  of  this  arc 
was  the  fame  as  that  of  the  primary  rainbow,  but  the  gibbous 
part  was  next  to  the  fun,  47  degrees  diftant  from  it.  The  co¬ 
lours  were  feven,  as  in  the  rainbow,  but  fo  bright,  that  they 
were  more  eafily  diftinguifhed  from  one  another  than  by  the  help 
of  the  beft  prifm.  The  red  of  this  circle  was  outwards,  that 
is  next  the  fun,  and  the  violet  inwards  towards  the  center.  The 
heavens  were  covered  at  the  time  with  a  flight  fog,  with  fmall 
white  clouds  interfperfed,  and  there  was  no  wind. 

In  1753,  a  remarkable  appearance,  fimilar,  as  M.  Mufchen- 
broeck  thought,  to  that  which  he  himfelf  had  obferved,  was 
feen  by  M.  Grifhove  at  Berlin,  though  there  was  no  parhelion 
vifible,  but  only  two  coloured  arcs,  gibbous  toward  the  fun,  the 
nearer  of  them  being  47°.  10/  from  the  fun,  which  was  18°. 
30'  high,  and  the  more  diftant  of  them  was  70.  from  the  firft. 
In  the  exterior  arc  the  colours,  reckoning  from  the  outer  part  to¬ 
ward  the  center,  were  in  the  following  order,  a  deep  violet,  in¬ 
digo,  and  fo  on  to  red,  and  in  the  interior  arc  the  colours  were 
in  a  contrary  order,  the  red  being  outermoft.  At  the  begin¬ 
ning,  and  fome  hours  before  this  appearance,  no  rain  had  fallen  ; 
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only  the  clouds  looked  black  where  thefe  arcs  were  vifible,  but 
afterward  it  rained  copioufly. 

M.  fEpinus,  on  the  23d  of  April  1758,  obferved  a  parhelion, 
in  which  the  corona  next  the  fun  was  accompanied  by  a  white 
elliptical  area,  the  lefs  axis  of  which  was  perpendicular  to  the 
horizon,  and  the  fame  with  that  of  the  corona,  but  the  larger 
was  parallel  to  the  horizon.*  He  faw  the  fame  appearance  more 
diftindtly  on  the  13th  of  May,  and  the  figure  of  it  is  reprefent- 
ed  145.  This  philofopher  thinks  that  fome  former  appearances, 
in  which  exterior  circles  are  mentioned,  were  of  the  fame  kind 
with  this,  but  imperfectly  feen,  or  improperly  defcribed.-f* 

On  the  15th  of  October,  1758,  M.  fEpinus  faw  a  parhelion 
in  which  was  a  limb  of  a  circle  IHK,  fig.  .146,  the  center  of 
which  was  in  the  zenith,  coloured  like  the  corona  about  the  fun 
CFED,  and  the  vertex,  H,  was  45  degrees  from  the  center  of 
the  fun.  He  fufpeCts  that  parhelia  with  elliptical  corona’s  are 
more  frequent  in  the  northern  regions,  and  thofe  with  circular 
ones  in  the  fouthern.§ 

Parhelia  are  generally  fituated  in  the  interfeCtions  of  circles,  but 
Cafiini  fays,  that  thofe  which  he  faw  in  1683,  were  on  the  out- 
fide  of  the  coloured  circle,  though  their  tails  were  in  the  circle 
that  was  parallel  to  the  horizon.  Parhelia  have  been  vifible  for 
1,  2,  3,  and  4  hours  together;  and  in  North  America  they  are 
faid  to  continue  fome  days,  and  to  be  vifible  from  fun  rife  to  fun 
fet.J 

When  the  parhelia  difappear,  it  fometimes  rains,  or  there  falls 
fnow  in  the  form  of  oblong  fpiculce,  as  Maraldi,  Weidler,  Krafft, 
and  others  have  obferved  ;  and  becaufe  the  air  in  North  Ameri- 

*  Nov.  Com.  Petrop.  Vol.  8,  p.  393.  fib.  p.394.  §  lb.  p.  400,  &c.  Jib.  p.1041. 
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ca  abounds  with  fuch  frozen  ipicula;,  which  are  even  vifible  to 
the  eye,  according  to  Ellis  and  Middleton,  fuch  particles  have 
been  thought  to  be  the  caufe  of  all  corona’s  and  parhelia.* 

Mr.  Wales  fays  that,  at  Churchill,  in  Hudfon’s  bay,  the  ri- 
fing  of  the  fun  is  always  preceded  by  two  long  ftreams  of  red 
light,  one  on  each  fide  of  him,  and  about  20°  diftant  from  him* 
Thefe  rife  as  the  fun  rifes,  and  as  they  grow  longer,  begin  to 
bend  towards  each  other,  till  they  meet  diredtly  over  the  fun, 
juft  as  he  rifes,  forming  there  a  kind  of  parhelion,  or  mock  fun. 
Thefe  two  ftreams  of  light,  he  fays,  feem  to  have  their  fource  in 
two  other  parhelia,  which  rife  with  the  true  fun;  and  in  the  win¬ 
ter  feafon,  when  the  fun  never  rifes  above  the  haze  or  fog,  which, 
he  fays,  is  conftantly  found  near  the  horizon,  all  thefe  accom¬ 
pany  him  the  whole  day,  and  fet  with  him  in  the  fame  manner 
as  they  rife.  Once,  or  twice,  he  faw  a  fourth  parhelion  direct¬ 
ly  under  the  true  fun;  but  this,  he  fays,  is  not  common. *f* 
Thefe  fadts  being  conftant,  are  very  valuable,  and  may  throw 
great  light  on  the  theory  of  thefe  remarkable  phenomena. 

Sometimes  parhelia  appear  in  a  different  manner,  as  when 
three  funs  have  been  feen  in  the  fame  vertical  circle,  well  defined 
and  touching  one  another.  The  true  fun  was  in  the  middle,  and 
the  loweft  touched  the  horizon,  and  they  fet  one  after  the  other. 
This  appearance  was  feen  by  M.  Maleziew  in  1722.  Other  ap¬ 
pearances  fimilar  to  this  are  recited  by  M.  Mufchenbroeck.§ 
Sometimes  the  fun  has  rifen  or  fet  with  a  luminous  tail  pro¬ 
jecting  from  him,  of  the  fame  breadth  with  his  diameter,  and 
perpendicular  to  the  horizon.  Such  an  appearance  was  feen  by 


*  Nov.  Com.  Petrop.  Vol.  8,  p.  1042.  f  Phil.  Tranf.  Vol.  60,  p.  129. 
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Callini  in  1672  and  1692,  by  De  la  Hire,  in  1702,  and  by  Mr. 
Ellis  in  Hudfon’s  bay. 

As  M.  Feuillee  was  walking  on  the  banks  of  the  river  La 
Plata,  he  faw  the  fun  riling  over  the  river  with  a  luminous  tail 
projecting  downwards,  which  continued  till  he  was  lix  de¬ 
grees  high.* 

Parafelenas  have  alfo  been  feen,  accompanied  with  tails  and 
coloured  circles,  like  thofe  which  accompany  the  parhelia.  An 
account  of  feveral,  and  a  particular  defcription  of  a  fine  appear¬ 
ance  of  this  kind  may  be  feen  in  Mufchenbroeck.J 

The  Roman  phenomenon ,  obferved  by  Scheiner,  is  fo  famous, 
on  account  of  its  having  been  the  firft  appearance  of  the  kind 
that  engaged  the  attention  of  philofophers,  that  my  reader  will 
be  difappointed  if  he  do  not  find  a  more  particular  defcription  of 
it  in  this  place.  I  lhall,  therefore,  here  introduce  it. 

This  celebrated  phenomenon  is  reprefented  in  fig.  147,  in 
which  A  is  the  place  of  the  obferver,  B  his  zenith,  C  the  true 
fun,  AB  a  plane  palling  through  the  obferver’s  eye,  the  true  fun, 
and  the  zenith.  About  the  fun  C,  there  appeared  two  concen¬ 
tric  rings,  not  compleat,  but  diverfified  with  colours.  The  lef- 
fer  of  them,  DEF,  was  fuller,  and  more  perfed  5  and  though 
it  was  open  from  D  to  F,  yet,  thofe  ends  were  perpetually  en¬ 
deavouring  to  unite,  and  fometimes  they  did  fo.  The  outer  of 
thefe  rings  was  much  fainter,  fo  as  fcarcely  to  be  difcernible. 
It  had,  however,  a  variety  of  colours,  but  was  very  inconftant. 
The  third  circle,  KLMN,  was  very  large,  and  all  over  white, 
palling  through  the  middle  of  the  fun,  and  every  where  parallel 
to  the  horizon.  At  firft  this  circle  was  intire  ;  but  towards  the 

#  Mufchenbroeck’s  Introduftio,  p.  1046.  J  lb.  p.  1047. 
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end  of  the  appearance  it  was  weak  and  ragged,  fo  as  hardly  to 
be  perceived  from  M  towards  N. 

In  the  interfeCtion  of  this  circle,  and  the  outward  iris  GKI, 
there  broke  out  two  parhelia,  or  mock  funs,  N  and  K,  not  quite 
perfeCt ;  K  being  rather  weak,  but  N  fhone  brighter  and  ftronger. 
The  brightnefs  of  the  middle  of  them  was  fomething  like  that 
of  the  fun,  but  towards  the  edges  they  were  tinged  with  co¬ 
lours,  like  thofe  of  the  rainbow,  and  they  were  uneven  and  rag¬ 
ged.  The  parhelion  N  was  a  little  wavering,  and  lent  out  a 
fpiked  tail  NP,  of  a  colour  fomewhat  fiery,  the  length  of  which 
was  continually  changing. 

The  parhelia  at  L  and  M,  in  the  horizontal  ring,  were  not  fo 
bright  as  the  former,  but  were  rounder,  and  white,  like  the  circle 
in  which  they  were  placed.  The  parhelion  N  dilappeared  be¬ 
fore  K;  and  while  M  grew  fainter,  K  grew  brighter,  and  va- 
nifhed  the  laft  of  all.  *■ 

It  is  to  be  obferved,  farther,  that  the  order  of  the  colours 
in  the  circles  DEF,  GKN  was  the  fame  as  in  the  common 
halo’s,  namely  red  next  the  fun,  and  the  diameter  of  the  inner 
circle  was  alfo  about  45  degrees  3  which  is  the  ufual  fize  of  a 

halo. 

The  hypothefis  of  Defcartes,  to  account  for  that  horizontal 
circle,  in  which  mock  funs  appear,  has  lefs  probability  than 
any  of  his  conjectures.  He  fuppofes  that  a  great  quantity  of 
frozen  vapours,  crouded  together  by  contrary  winds,  form  a 
prodigious  cylinder,  which  reflects  the  light  that  fall  from  it  on 
all  fides,  fo  as  to  exhibit  that  lucid  appearance  in  all  the  fur- 
roUnding  clouds.  This  thought  does  not  deferve  any  kind  of 
animadverfion,  nor  is  there  any  thing  in  his  attempt  to  explain 
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any  other  part  of  the  Roman  phenomenon,  which  he  particular¬ 
ly  defcribes,  worth  repeating.* 

Dechales  exprefles  himfelf  diflatisfied  with  what  had  been 
written  upon  this  fubjed  of  parhelia,  or  mock  funs.  He  thought 
it  poflible,  however,  that  they  might  be  the  reflexion  of  the 
image  of  the  fun  from  clouds  properly  figured  and  difpofed. 
For  though,  in  general,  clouds  are  not  fmooth  enough,  nor  of 
a  proper  form  to  refled;  the  perfed  images  of  any  objed,  yet  he 
thought  it  poflible  that  they  might  fome  times  be  capable  of  do¬ 
ing  it.  For  his  mafler  in  philofophy  informed  him,  that  all  the 
inhabitants  of  Veful  in  Burgundy,  were  once  exceedingly  terri¬ 
fied  by  the  appearance  of  an  armed  foldier  in  the  air,  which, 
upon  examination,  he  concluded  to  have  been  the  image  of  St. 
Michael,  which  was  ereded  at  the  top  of  the  church,  refleded 
from  the  clouds.  But  if  this  had  been  the  cafe,  would  not  the 
church  itfelf,  or  at  lead  fome  part  of  it,  have  been  vifible  alfo  ? 
If  my  reader  chufe  to  look  into  Dechales,  he  will  find  this  Rory 
related  with  great  gravity. 

M.  Huygens  took  no  lefs  pains  with  the  fubjed  of  parhelia , 
and  the  phenomena  conneded  with  them,  than  with  that  of  the 
halo,  and  my  reader  will  exped  fome  account  of  his  hypothefis, 
efpecially  as  fome  of  the  particulars  of  it  are  more  probable, 
and  are  at  this  day  more  generally  approved  than  his  account  of 
halo’s. 

This  philofopher,  on  giving  his  attention  to  thefe  appear¬ 
ances,  was  prefently  fenfible  that  they  could  not  arife  from 
fuch  globules  as  formed  the  halo’s,  yet  fince  parhelia  are  always 
attended  with  halo’s,  he  was  fatisfied  that  their  caufes  mult  be 
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much  alike.  Confidering,  then,  what  other  figures  hail  hones 
might  poflibly  have,  befides  a  fpherical  one,  he  could  find  no 
other  fo  fimple  as  that  of  a  cylinder  ;  and,  indeed,  he  had  often 
obferved,  that  fnow  did  confift  of  feveral  flender  oblong  par¬ 
ticles,  mixed  with  thofe  of  other  {hapes  ;  and  feeing  that  fmall 
globules  were  fufficient  for  the  production  of  halo’s,  he  imagin¬ 
ed  that  a  great  number  of  fmall  cylinders,  floating  in  the  air, 
might  produce  fimilar  appearances.  He  alfo  remembered  that 
Defcartes  had  taken  notice  of  certain  fmall  columns,  or  cylin¬ 
ders,  which  he  had  feen  lying  on  the  ground,  the  extremities 
of  which  were  bounded  wTith  flat  ftars,  confifting  of  fix  rays  or 
points. 

The  large  and  white  horizontal  circle,  in  the  Roman  phenome¬ 
non,  M.  Huygens  fuppofed  to  be  produced  by  the  reflexion  of 

the  fun’s  rays  from  the  outfides  of  the  upright  cylin  ders ;  fince, 

* 

when  the  fun  {bines  upon  a  great  number  of  fuch  cylinders,  fuf- 
pended  in  the  air,  a  white  circle  muft  neceflarily  appear  to  pafs 
through  the  fun,  parallel  to  the  horizon,  and  of  the  fame  breadth 
with  that  of  the  fun.  This  he  fhews  very  diftinCtly  by  a  large 
figure  of  a  cylinder,  and  by  pointing  out  the  progrefs  of  the  fun’s 
rays  reflected  from  it.  For  every  point  of  the  fun’s  vertical  dia¬ 
meter,  as  well  as  his  center,  will  illuminate  a  circle  of  cylinders, 
of  the  fame  apparent  height  as  the  illuminating  point.  It  is  ob- 
fervable  that  no  thick  clouds  are  feen  in  the  air,  when  thefe 
circles  appear,  but  only  fuch  as  are  very  thin,  and  fcarce  vifible. 
For  in  moft  of  thefe  obfervations  the  fky  is  faid  to  have  been 
very  clear  and  ferene,  which  very  well  agrees  with  this  hypothe- 
fis ;  fince  thefe  minute  cylinders  muft  conftitute  a  very  thin 
cloud,  uniformly  extended  ;  through  which  the  fun.,  and  even 
the  blue  colour  of  the  fky  may  be  feen. 
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M.  Huygens  fuppofes  that  the  parhelia  at  K  and  N  are  pro¬ 
duced  by  the  fame  upright  cylinders,  which  produce  the  great 
white  circle ;  but  not  in  the  fame  manner  as  that  was  caufed, 
viz.  by  fimple  reflexion,  but  by  means  of  two  refradtions,  ex¬ 
actly  in  the  fame  manner  as  halo’s  are  produced  ;  the  center  of 
the  cylinder  being  fnow,  and  the  outerpart  ice.  The  interval  be¬ 
tween  thefe  parhelia,  he  fays,  will  be  greater,  as  the  cylinder  of  fnow 
is  thicker  in  proportion  to  the  whole  cylinder  ;  and  becaufe  the 
fun  appears  brightefl  through  thofe  cylinders  which  are  on  the 
outfides  of  the  arch  KN  ;  and  this  brightnefs  decays  gradually 
to  a  certain  diftance,  it  exhibits  the  appearance  of  a  parhelion 
with  a  tail,  always  tending  towards  the  white  circle,  and  mak¬ 
ing  it  brighter  as  far  as  it  extends.  The  tail  NP,  of  the  parhe¬ 
lion  at  N,  is  drawn  out  of  this  circle  ;  but  this  was  a  miftake, 
as  Hevelius  obferves ;  and  though  it  is  not  faid  that  the  parheli¬ 
on  at  K  had  any  tail,  yet  it  is  plain  that  a  certain  part  of  the 
white  circle  was  its  tail,  though  but  a  dull  one  5  becaufe  this 
parhelion  is  faid  to  have  been  fainter  than  the  other ;  and  it  ap¬ 
pears  by  the  obfervations  of  Hevelius,  and  his  own,  that  thefe 
parhelia,  or  mock  funs,  as  well  as  parafelence ,  or  mock  moons, 
always  have  tails.  Laftly  the  extraordinary  brightnefs  of  thefe 
parhelia,  which  was  faid  to  rival  that  of  the  fun,  he  fuppofed 
might  eafily  be  accounted  for,  by  confidering  that  every  cylinder 
fhines  through  its  whole  length  ;  whereas  the  round  grains  in 
the  halo,  or  the  rainbow,  emit  but  little  light ;  fo  that  the  cy¬ 
linder  may  probably  afford  more  light  than  ten  of  thofe  round 
grains  ;  and  if  there  be  great  plenty  of  cylinders  in  the  air,  it 
is  no  wonder  that  thofe  images  of  the  fun  fhould  appear  fo 
bright. 


He 
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He  then  proceeds  to  demonftrate  his  hypothecs,  by  an  accu¬ 
rate  confideration  of  the  refraction  of  the  rays  of  light  through 
the  fides  of  fuch  cylinders  as  have  been  deferibed ;  and  he  in- 
vefligates  the  diftance  at  which  the  parhelia  muft  appear  from 
the  fun  {hewing  that  it  is  fo  much  the  greater,  as  the  internal 
cylinder  of  fnow  is  thicker  in  proportion  to  the  whole  cylinder ; 
and  that  this  diftance  muft  become  greater  as  the  fun  rifes 
higher  :  and  he  fubjoins  a  table  of  thefe  diftances,  in  proportion 
to  any  given  altitude  of  the  fun  ;  from  which  it  appears,  that  if 
a  fufficient  number  of  cylinders  be  placed  one  above  another, 
(fome  of  which  are  melted  more  and  fome  lefs)  befides  the 
collateral  parhelia  next  the  fun,  two  or  more  may  appear  farther 
from  him,  but  ftill  in  the  fame  white  circle  ;  which  was  alfo 
confirmed  by  the  obfervations  of  Hevelius  in  1661,  and  of  Schei- 
ner  in  1630.  It  appears,  alfo,  from  the  fame  tables,  that  while 
the  cylinders  remain  in  the  fame  lituation,  as  the  fun  rifes 
higher,  the  intervals  between  him  and  the  two  parhelia  will  in- 
creafe,  which  was  the  very  thing  which  he  himfelf  had  obferv- 
ed.  But  a  greater  alteration  of  thefe  intervals  may  happen  if  the 
cylinders  be  more  melted ;  and  from  hence  might  arife  that  very 
remarkable  phenomenon,  which  is  faid  to  have  appeared  in  the 
time  of  Auguftus,  when  three  funs  were  feen  at  the  fame  time, 
all  of  which  were  foon  contracted  into  one  ;  which,  he  obferves, 
would  be  effected  by  the  warmth  of  the  air  melting  the  fnow  in 
the  cylinders ;  by  which  means  both  the  parhelia  would  draw 
nearer  to  the  fun,  till  they  coincided  with  it ;  at  which  time  all 
the  cylinders  would  be  melted,  and  changed  into  round  drops. 

In  the  next  place  our  author  proceeds  to  explain  the  caufe  of 
that  corona  in  the  Roman  phenomenon,  of  which  the  fun  is  the 
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center.  And  here  his  former  hypothecs  concerning  halo’s,  he 
acknowledges,  will  not  anfwer  the  purpofe.  For  though,  when 
fmall  cylinders  are  produced  in  the  air,  it  is  probable  that  half 
thawed  globules  are  lodged  there  at  the  fame  time,  for  the  pro¬ 
duction  of  corona’s  ;  yet  it  is  difficult  to  conceive  how  they  can 
be  thawed  in  fo  exact  a  proportion,  as  to  produce  a  corona  that 
ffiall  pafs  precifely  through  thofe  very  parhelia.  Neither,  as  he 
obferves,  can  this  appearance  be  produced  by  cylinders  obliquely 
fituated,  but  only  by  the  round  ends  of  upright  cylinders.  And 
to  fuppofe  the  above  mentioned  cylinders  to  be  always  terminated 
by  plain  bafes,  he  fays,  is  by  no  means  agreeable  to  nature ;  for 
lince  their  tops  and  bottoms  will  be  thawed,  as  well  as  their 
fides,  and  to  the  fame  degree  quite  round,  the  water  at  their  ex¬ 
tremities  will  neceffiarily  affume  a  round  figure ;  fo  that  not  only 
thofe  upright  cylinders  which  lie  on  each  fide  of  the  fun,  and 
produce  the  collateral  parhelia,  will  tranfmithis  rays  to  the  eye; 
but  alfo  thofe  that  lie  quite  round  beyond  him,  to  a  certain  dis¬ 
tance,  which  will,  therefore,  produce  a  corona. 

To  verify  this  hypothefis  by  experiment,  he  ordered  a  glafs 
cylinder  to  be  made  with  round  ends ;  and,  inclofing  in  it  an  o- 
paque  body  of  the  fame  fihape,  he  found  that  it  did,  in  reality, 
refract  the  light  in  fuch  a  manner  as  would  produce  this  appear¬ 
ance.  Confidering,  therefore,  the  neceffity  there  is  for  the  cy¬ 
linders  being  of  this  particular  fhape,  in  order  that  the  rays, 
paffing  through  their  extremities,  may  produce  coloured  circles, 
he  did  not  doubt,  but  that  thefe  circles  are  thofe  very  corona’s. 
Otherwife  fome  irregular  and  ill  ffiaped  circles  would  be  feen. 

Hevelius  had  remarked,  that  the  circle  which  pafies  through 
the  parhelia,  frequently  appears  fainter  above  and  below,  and 
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brighteft  next  the  parhelia.  The  reafon  of  this  M.  Huygens 
thought  to  be  very  plain  from  his  glafs  cylinder,  fince  the  rays 
which  palled  through  the  round  tops  and  bottoms  of  them  pro¬ 
duced  only  a  fmall  round  image  of  the  fun,  as  round  grains  do ; 
whereas  thofe  which  palfed  towards  the  ends  of  the  cylindrical 
furfaces,  where  they  juft  began  to  turn  round,  were  formed  into 
a  broader  and  brighter  pencil,  like  thofe  which  produce  the  par¬ 
helia  ;  and  this  muft  make  the  corona  grow  gradually  brighter 
and  brighter  towards  the  parhelia,  both  above  and  below,  and  t® 
be  more  intenfely  coloured. 

Having  explained  the  caufes  of  this  corona,  he  proceeds  to  ac¬ 
count  for  the  two  parhelia  L  and  M,  which  appeared  in  the  back 
part  of  the  great  white  circle.  And  thefe,  he  thought,  were 
produced,  not  by  the  reflexion,  but  by  the  refraction  of  the 
fun’s  rays  in  the  upright  cylinders.  The  inner  opaque  cylinders, 
he  obferves,  are  fo  far  from  contributing  to  the  production  of 
thefe  parhelia,  that  they  fometimes  hinder  their  appearances. 
But  yet  this  inner  cylinder  of  fnow  is  abfolutely  necelfary,  whe¬ 
ther  the  outward  fhell  that  contains  it  be  made  of  water  or  of 
ice ;  for  without  the  fnow,  the  watery  cylinders  would  be  im¬ 
mediately  changed  into  round  drops,  and  the  whole  cylinders 
could  not  be  ice,  becaufe  then  they  could  not  be  every  where 
tranfparent,  without  fuppoling  them  to  have  been  quite  liquid 
before  they  were  frozen,  which  is  inconfiftent  with  a  cylin-* 
drical  figure. 

He  then  fhews,  that  thefe  back  parhelia  muft  be  in  the  large 
white  circle ;  and  determines,  geometrically,  that  the  difiance 
between  them  muft  be  60  degrees.  Indeed,  in  Schemer’s  fcheme, 
the  difiance  of  thefe  parhelia  exceeds  90  degrees ;  but  it  was 
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neither  meafured,  nor  eftimated ;  nor  indeed,  fo  much  as  men¬ 
tioned,  and  therefore  M.  Huygens  does  not  doubt  but  that  it  is 
drawn  much  too  large.  In  die  Roman  phenomenon  thefe  parhe¬ 
lia  are  fa  id  to  have  been  white,  whereas,  according  to  this  hy¬ 
pothecs,  they  ought  to  have  been  coloured.  M.  Huygens  fup- 
pofcs  that  the  whitenefs  arofe  from  the  weaknefs  of  their  light ; 
on  which  account  halo’s  fometimes  appear  white,  and  fometimes 
alfo  the  lateral  parhelia,  as  appears  by  the  accurate  obfervations 
of  Kechelius.  But  that  thefe  back  parhelia  do  fometimes  appear 
coloured,  is  evident  from  the  account  we  have  of  one  in  Mat. 
Paris’s  hiftory ;  in  which  we  are  told  that  befides  the  true  fun, 
four  mock  funs  appeared  red,  in  a  great  circle,  of  the  colour  of 
cryftal.  That  two  of  thefe  were  back  parhelia  is  evident  from 
the  figure,  though  it  may  be  faulty  in  other  refpedts. 

The  fcarcity  of  cylinders,  M.  Huygens  fuppofes,  may  be  the 
reafon  that,  in  many  obfervations,  thefe  parhelia  have  not  ap¬ 
peared,  though  the  white  circle  was  plain  enough  to  be  feen. 
But  there  is  another  circumftance  which  may  hinder  their  ap¬ 
pearance,  viz,  the  inner  cylinders  of  the  back  part  of  the  white 
circle  being  too  thick  in  proportion  to  the  water  that  furrounds 
them.  For  then,  the  rays  which  fhould  produce  the  parhelia 
will  be  flopped  •,  and  he  found  by  calculation,  that,  when  the 
fun  is  25  degrees  high,  if  the  diameter  of  the  opaque  cylinder 
bear  a  greater  proportion  to  that  of  the  whole,  than  590  to  1000, 
no  back  parhelia  can  appear. 

That  the  back  parhelia  in  the  Roman  phenomenon  appeared 
rounder  then  the  lateral  ones,  M.  Huygens  fuppofes  to  arife  from 
this  circumftance,  that  though  fome  cylinders  in  the  arch  LM, 
which  lie  not  far  from  L  and  M,  do  fend  fome  refradted  rays  to 
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the  eye,  yet  they  are  not  fo  numerous  as  thofe  which  come  from 
the  cylinders  at  L  and  M ;  and  therefore  that  thefe  parhelia  can 
have  no  tails  that  are  far  extended,  like  the  lateral  ones.  Be¬ 
tides  the  refractions  through  the  cylinders  that  produced  the  back 
parhelia  are  more  regular  ;  for  the  rays  are  not  confined  in  their 
courfe  by  the  opaque  cylinders  within,  but  receive  their  direc¬ 
tions  from  the  refractions  at  the  moft  exaCt  figure  and  polifh  of 
the  outward  watery  furface  of  the  cylinders.  For  the  dark  cy¬ 
linders  within,  not  being  exaCtly  equal  to  one  another,  are  the 
cauie  of  the  irregular,  and  inconftant  fhape  of  the  lateral  parhe¬ 
lia.  The  reafon  of  the  fluctuating  motion  of  the  tail  of  the 
parhelion  N,  he  fuppofes  to  be,  that,  fometimes  fewer,  and 
fometimes  more  cylinders  were  carried  into  that  place  ;  which, 
alfo,  accounts  for  the  corona  DEF  being  fometimes  intire,  and 
fometimes  open  below,  and  that  the  parhelion  K  grew  brighter 
while  N  grew  duller.* 

M.  Huygens,  having  thus  explained  this  famous  Roman  phe¬ 
nomenon,  proceeds  to  confider  the  circuinflances  of  another, 
that  was  feen  by  Hevelius  on  the  20th  of  February  1661  ;  in 
which  more  funs  and  more  circles  were  obferved,  and  fome  of 
them  in  different  pofitions  from  any  that  were  obferved  in  the 
Roman  phenomenon.  But,  Rill,  they  are  fo  fimilar  to  them, 
and  his  folution  of  them  is  fo  fimilar,  that  it  is  not  neceflary  to 
my  purpofe  to  follow  my  author  much  farther.  I  fhall,  how¬ 
ever,  give  the  figure  of  that  of  Hevelius,  fig.  140,  which  is 
exceedingly  beautiful,  and  feems  to  comprife  all  the  real  varieties 
of  this  moft  magnificent  fpeCtacle,  parts  of  which  have  often 


*  Smith’s  Opticks,  Vol.  1,  p.  220. 
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been  feen  feparately.  And  I  {hall  then  juft  hint  at  M.  Huy¬ 
gens’s  explanation. 

The  greateft  difference  between  this  appearance  and  that  at 
Rome,  con  lifts  in  the  arches  QGR  and  THS,  which  are  convex 
towards  the  ftm,  and  which  he  accounts  for  by  cylinders  lying  in 
a  horizontal  fituation.  The  parhelia  in  thefe  inverted  arches,  he 
fays,  are  nothing  more  than  the  brighteft  parts  of  them  ;  and 
therefore  they  never  appear  quite  diftindf  nor  much  brighter  than 
the  adjoining  parts  of  the  arches.  Accordingly,  Hevelius,  in 
all  his  obfervations  of  this  kind,  took  notice,  that  they  appear¬ 
ed  rather  dull,  heavy,  and  faint ;  and  he  was  not  fure  whether 
there  wTas  a  parhelion  at  H,  or  not.  The  reafon  why  the  mid¬ 
dle  part  of  the  arch  fhould  appear  a  little  diftintt  from  the  reft, 
he  fuppofed  to  be  this,  that  though  there  be  great  plenty  of 
horizontal  cylinders  in  the  air,  yet  they  may  be  fo  fhort,  as  to 
have  but  little  of  a  cylindrical  furface,  or  perhaps  may  be  like 
oblong  fpheroids.  Belides  it  is  perfectly  agreeable  to  the  obfer¬ 
vations  of  Hevelius,  that  the  higher  the  fun  or  moon,  and  con- 

< 

fequently  the  corona’s  are  elevated  above  the  horizon,  the  flatter 
thefe  inverted  arches  appear.  It  is  confeffed  by  M.  Huygens, 
that  the  upper  parts  of  thefe  arches  arc  reprefented  by  Hevelius 
as  being  much  lefs  than  his  calculations  require  them  to  be  j  but 
he  imagines,  that  the  fight  of  the  obferver  was  impofed  upon, 
by  the  arches  being  fo  much  elevated  above  the  horizon ;  in 
confequence  of  which  they  would  appear  to  be  parts  of  much 
leffer  circles  than  they  really  are. 

Profeffor  Weidler,  who  took  fome  pains  to  refute  M.  Huy¬ 
gens’s  account  of  halo’s,  approves  of  his  hypothefis  to  account 
for  the  horizontal  ring  in  the  phenomenon  of  the  mock  fun  by 
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means  of  cylindrical  frozen  vapours.*  Having  once  feen  an  in¬ 
verted  rainbow,  which  was  part  of  the  intire  phenomenon  of  a 
parhelion  he  obferved  that  it  was  but  one  degree  broad,  and  that 
the  diameter  of  the  bow  was  but  about  half  of  that  of  the  pri¬ 
mary  rainbow.  He  was  of  opinion  that  the  fun’s  rays,  refra&ed 
and  reflected  as  they  are  in  the  common  bow,  entered  the  eye  at 
half  the  ufual  angle,  in  confequence  of  the  eye  being  placed  be¬ 
yond  the  point  in  which  the  rays  met  with  the  axis  of  the  bow. 
For  thus,  he  fays,  the  order  of  the  colours  is  preferved,  and  the 
bow  is  but  half  the  fize  of  the  common  one.§ 

M.  Mufchenbroeck  fays,  that  nothing  has  been  advanced  con¬ 
cerning  the  caufe  of  parhelia  more  probable  than  the  hypothe¬ 
cs  of  M.  Huygens,  except  that  frozen  cylinders  or  lpiculas  are 
always  found  tranfparent,  and  are  never  opaque  at  the  center.  J 
The  coloured  arcs  that  accompany  parhelia,  M.  Mufchen¬ 
broeck  thinks  to  be  not  at  all  different  from  the  common  coro¬ 
na’s,  fo  that  if  there  be  a  quantity  of  icy  fpiculce  in  a  thin  fog, 
the  whole  of  this  appearance  will  be  produced,  the  corona’s  will 
be  formed  in  the  fog,  and  the  parhelia  in  the  fpiculse. 

M.  Fr.  Mallet,  defcribinga  parhelion  which  was  feen  in  Swe¬ 
den,  obferves  that  fome  of  the  particulars  did  not  favour  the 
hypothefis  of  M.  Huygens.  1.  The  diCance  between  the  fun 
and  the  parhelion  correfponding  to  L  Cg.  147,  was  diminifhed  as 
the  fun  advanced  in  height,  but  did  not  grow  larger  as  the  lun 
defcended  in  the  afternoon  \  but  ftill  continued  to  decreafe*  2. 
As  the  two  circles  which  had  the  zenith  for  their  common  cen¬ 
ter,  exadtlv  touched  thofe  which  furrounded  the  fun,  he  thought 
they  mufl  depend  upon  the  fame  caufe  y  but  Cnee  the  outermofl 

*  Phil.  Tranf.  ab.  Vol.  8,  p.  513.  §  lb.  p.  514.  J  Introdu&io,  p.  1042. 
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of  the  two  circles,  which  had  the  fun  for  their  center,  was 
twice  as  broad  as  the  other,  he  concluded  that  they  had  diffe¬ 
rent  caufes.* 

Such  are  the  faffs  and  opinions  that  I  have  been  able  to  colledt 
concerning  this  great  natural  phenomenon.  From  all  the  cir¬ 
cumstances  put  together,  and  making  due  allowance  for  mistakes 
in  the  obfcrvations,  it  fhould  feem  that,  when  this  appearance 
is  complete,  there  are  fix  intire  circles  vifible,  three  of  which 
have  the  fun,  and  three  the  zenith  for  their  center ;  and  that 
parhelia  appear  wherever  any  of  thefe  circles  either  interfedt,  or 
touch  one  another.  Notwithstanding  the  laboured  hypothefis  of 
M.  Huygens,  it  can  hardly  be  fuppofed  but  that  thefe  circles, 
whether  coloured  or  white,  are  formed  in  mere  fog  or  vapour, 
which  probably  conlifts  of  water  in  very  fmall  and  round  glo¬ 
bules  ;  but  thefe  appearances  have  not  yet  been  deduced  from  the 
properties  of  light,  in  thefe  circumflances,  by  any  philofopher 
who  has  yet  written  on  the  fubjedt.  - 


SECTION  XII. 

Observations  and  discoveries  relating  to  VISION. 

r  |  ^  H  E  obfervations  and  difcoveries  which  have  been  made  to 
JL  explain  the  phenomena  of  vifion  within  this  period  are 
fo  numerous,  that  I  find  it  convenient  to  distribute  the  materials 
that  I  have  collected  relating  to  it,  under  more  heads  than  I  have 
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hitherto  found  it  neceffary  to  do.  The  reader  may  not,  perhaps, 
think  that  I  have  diftributed  all  the  articles  with  perfect  accu¬ 
racy  but  the  fubjeCts  are  fimilar,  and  confiderably  mixed,  efpe- 
cially  thofe  of  the  fame  author ;  fo  that  it  was  not  eafy  to  ar¬ 
range  them  as  I  rnyfelf  could  have  wilhed.  In  any  podible 
arrangement  fome  natural  connections  muft  be  broken. 


CHAPTER  I. 

Observations  on  the  effect  of  light  upon  the  eye. 

TH  E  firft  article  with  which  I  fhall  prefen  t  my  reader  on 
this  fubjeCt,  coniifts  of  fome  ingenious  obfervations  of 
M.  Buffon,  who  diftinguifhes  the  colours  which  belong  to  light, 
from  thofe  which  depend  upon  the  affeSlions  of  the  eye ,  which  he 
calls  accidental  colours ,  and  whofe  objeCt  is  to  trace  the  connexion 
they  have  with  thofe  that  are  natural. 

Looking  a  confiderable  time  on  a  red  fquare  mark  upon  a 
white  ground,  a  faint  green  was  perceived  to  furround  it,  and 
when  the  eye  was  turned  from  it,  the  image  of  the  fquare  itfelf 
became  green.  In  the  fame  manner  yellow  upon  white  produc¬ 
ed  a  pale  blue ;  green  upon  white  produced  a  faint  purple  ;  blue 
upon  white  a  pale  red  ;  black  upon  white  a  brighter  white  than 
the  ground  upon  which  it  was  placed ;  and  white  upon  black 
produced  a  deeper  black.  Thefe  experiments  were  made  upon 
dead  colours,  but  they  fucceeded  better  with  thofe  which  were 
Ihining. 
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Keeping  his  eye  fixed  a  long  time  upon  a  red  fquare  placed 
upon  a  white  ground,  he  firft  perceived  the  border  of  faint  green 
mentioned  above  3  and  continuing  to  look  upon  it,  the  middle 
of  the  fquare  began  to  change  its  Colour,  while  the  fides  became 
of  a  deeper  red.  Then  retreating  a  little,  and  hill  keeping  his 
eye  Jfteadily  upon  it,  each  of  the  fides  of  the  deep  red  fquare  di¬ 
vided  itfelf  into  two  parts,  forming  a  crofs  of  deep  red.  Con¬ 
tinuing  to  look  fixedly  upon  it,  the  whole  appearance  changed 
into  a  redtangle  of  the  fame  heighth  with  the  fquare,  but  not  a 
fixth  part  fo  broad,  and  of  fo  deep  a  red,  that  it  quite  dazzled 
his  eyes,  and  he  could  fupport  the  fatigue  of  the  experiment  no 
longer.  Then  turning  his  eye  from  the  objedt  upon  a  white  co¬ 
loured  ground,  inftead  of  the  red  fquare,  he  perceived  the  image 
of  the  rectangle,  exactly  defined,  and  of  a  lively  green.  This 
impreffion  remained  a  long  time,  without  any  change  of  colour,’ 
even  after  his  eyes  were  fhut.  He  obferved  fimilar  appearances 
when  he  looked,  .  in  the  fame  manner,  upon  a  fquare  that  was 
yellow,  black,  or  any  other  colour ;  the  lafl  imprefijon  of  a  yel- 
lo\^  fquare  being  a  blue  redtangle,  and  of  a  white  fquare,  a  black 
redtangle.  He  engaged  feveral  of  his  friends  to  make  thefe  ex¬ 
periments,  who  all  faw  the  fame  colours,  and  the  fame  appear¬ 
ances. 

He  found  that  thefe  accidental  colours  changed  as  they  mixed 
with  thofe  that  were  natural,  and  that  they  obferved  the  rules  a- 
bove  mentioned.  For  when  an  accidental  green  colour,  pro¬ 
duced  by  a  natural  red,  fell  upon  a  bright  red  ground,  the  green 
was  changed  into  yellow ;  and  if  an  accidental  blue  colour,  pro¬ 
duced  by  a  lively  yellow,  was  thrown  upon  a  yellow  ground,  it 
became  green,  fo  that  the  colours  which  arife  from  the  mixture 
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of  thofe  that  are  accidental  with  thofe  that  are  natural,  are  the 
fame  that  arife  from  the  mixture  of  natural  colours  only.* 

M.  iEpinus,  whofe  difcoverie?  in  electricity  have  fo  much  dif- 
tinguifhed  him,  made  a  number  of  feemingly  accurate  obferva¬ 
tions  on  the  fubjeCl  of  accidental  colours,  from  all  which  he 
draws  the  following  conclusions.  The  vivid  impreffion  which 
is  made  upon  the  eye  by  looking  on  the  fun,  or  any  other  lumi¬ 
nous  objedt,  as  bright  as  it  can  poffibly  bear,  firft  affumes  a  yel¬ 
low  appearance,  then  green,  and  then  blue  ;  that  is  the  nerves, 
upon  the  ceffation  of  the  aCtion  of  the  white  rays,  come  to  the 
fame  date  into  which  the  aCtion  of  yellow,  green,  and  blue  rays 
would  bring  them.  Looking  upon  a  white  objeCt,  when  the  im¬ 
preffion  made  by  the  image  of  the  fun  flill  continued  in  his  eye, 
he  obferved  that  it  alfumed  a  brown  appearance,  verging  more  or 
lefs  towards  red.  He  alfo  obferved  that  this  image  of  the  fun 

r-  ^ 

extended  to  fomc  diflance  on  the  retina,  for  that  a  fpace  beyond 
the  boundary  of  the  image  was  affeCted  in  the  fame  manner  as  it 
would  have  been  by  the  aCtion  of  red  rays ;  but  when  the  image 
was  thrown  upon  a  white  objeCt,  that  border  became  blue. 

In  the  courfe  of  thefe  obfervations  he  took  notice,  that  when 
he  looked  intently  upon  any  white  objeCt,  while  the  impreffion 
of  the  folar  image  remained  upon  his  eye,  it  would  fuddenly 
difappear,  and  become  vffible  again,  when  he  gave  lefs  attention 
to  it,  a  phenomenon  depending  upon  the  affeCtion  of  the  nerves, 
and  which  he  acknowledges  he  could  not  fatisfaftorily  account 
for.-f* 

Thefe  obfervations  are  nearly  agreeable  to  the  refult-  of  thofe 
of  M.  De  La  Hire,  who  fays  that,  if  the  eye  be  kept  ffiut  af- 

*  Ac.  Par.  1743,  M.  p.  215.  +  Nov.  Com.  Petrop.  Vol.  10,  p.  286. 
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ter  looking  at  the  fan,  cr  any  other  luminous  objedt,  the  image 
■upon  the  retina  will  be  firtt  red,  then  yellow,  then  green,  and 
lad;  of  all  blue.  This  fad;  is  curious,  fhewing  the  gradual 
weakening  of  the  impreffion  of  the  light  after  the  objedt  is  re¬ 
moved,  and  the  order  in  which  the  different  colours  affedl  the 
eye  with  refpedt  to  their  intend ty ;  but  by  no  means  proves  what 
he  is  endeavouring  to  prove  by  it,  viz.  that  the  form  of  the 
eye  is  never  changed  in  viflon.* 

That  impreflions  made  upon  the  eye  are  of  a  certain  continu¬ 
ance,  is  evident  from  a  variety  of  obfervations,  fome  of  which 
cannot  have  efcaped  the  attention  of  any  perfon  ;  and  lince  the 
perfection  of  attronomical  obfervations  depends  much;  upon  the 
accuracy  of  vilion,  it  occurred  to  M.  D’ArCy,  that  the  meafuring 
of  the  continuance  of  thefe  impreflions  upon  the  eye,  in  diffe¬ 
rent  circumttances,  was  a  proper  objedt  for  philofophical  in¬ 
quiry  ;  and  he,  therefore,  fet  about  doing  it  in  the  moft  care¬ 
ful  manner. 

For  this  purpofe  he  contrived  a  machine,  which  confifted  of 
a  crofs,  turning  horizontally  upon  its  center,  by  means  of  a 
wheel  and  a  weight,  the  velocity  of  which  he  could  vary  at  plea- 
fure,  and  afcertain  to  the  utmoft  exadtneff.  To  view  this  ma¬ 
chine,  he  placed  an  obferver  28  toifes  from  it,  in  a  room  into 
which  no  light  was  admitted  but  what  came  from  the  objedt 
(which  was  a  live  coal  fattened  upon  the  crofs)  and  the  experi¬ 
ments  were  made  in  the  night  time. 

In  thefe  circumttances,  ufing  every  precaution  that  he  could 
think  of,  he  found  that  the  coal  feemed  to  make  an  uninterrupt¬ 
ed  circle,  when  it  revolved  in  8  thirds  of  a  minute ;  and  that 

•  Porterfield  on  the  Eye,  Vol,  1,  p.  343. 
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no  velocity  lefs  than  this  would  anfwer  the  purpofe.  It  made 
no  difference  at  whatever  distance  from  the  center  of  the  crofs 
the  coal  was  placed,  or  whether  the  machine  was  viewed  through 
a.  telefcope,  or  in  any  other  method  that  he  could  think  of  ap¬ 
plying.  The  refult  was  alfo  the  fame,  at  whatever  diftance  the 
machine  was  viewed.  Our  author,  therefore,  concluded,  that 
the  impreffion  made  by  the  adtion  of  light  upon  the  eye  con¬ 
tinues  8  thirds  of  a  minute.  He  varied  this  experiment,  by 
putting  a  covering  upon  the  crofs,  with  an  opening  through 
which  the  live  coal  might  be  feen  ;  and  in  this  cafe  he  found 
that  the  appearance  of  the  coal  continued  uninterrupted,  when 
the  revolution  was  compleated  in  9  thirds  of  a  minute. 

M.  D’Arcy  acknowledges  that  his  experiments  were  very  im¬ 
perfect,  and  he  propofed  to  try  farther,  whether  1.  the  dif¬ 
ferent  intenfities  of  the  light  would  not  occafion  afenfible  variety 
in  the  duration  of  the  impreffion  ;  2.  Whether  different  dis¬ 
tances  of  the  obferver  would  not  have  fome  effedt.  For  though 
when-  the  whole  circle  was  attended  to,  it  appeared  uninterrupt¬ 
ed  with  the  fame  velocity,  to  the  obferver  at  the  diftance  men¬ 
tioned  above,  and  to  himfelf  when  he  was  no  more  than  three 
feet  from  it ;  yet  when  he  attended  to  a  part  of  the  circle  only, 
the  velocity  was  not  fo  great  as  was  requifite  to  give  the  fame  ap¬ 
pearance  to  the  obferver  ;  3.  Whether  rays  of  different  colours 
would  not  make  impreffions  of  different  durations,  but  the  bad 
weather  prevented  him  from  profecuting  thefe  experiments.  lie 
was  fatisfied,  however,  from  the  few  trials  that  he  did  make, 
that  white  bodies  exhibit  an  annular  appearance  with  the  fame 
velocity  that  was  given  to  the  live  coal  for  that  purpofe.  He 
alfo  propofed  to  have  made  the  fame  experiments  upon  different 
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perfons,  but  he  obferves  that  it  will  not  be  very  eafy  to  do  it> 
and  concludes  with  expreffing  his  wiffies,  that  fome  other  per¬ 
fons  may  confider  and  refume  his  obfervations.* 

That  the  pupil  contrads  when  the  eye  is  expofed  to  a  Itrong 
light  was  obferved,  we  have  feen,  pretty  early.  This  is,  no 
doubt,  the  efteCt  of  light  upon  the  eye.  Dr.  Hartley  fuppofes 
that  the  light  which  enters  at  the  pupil  has  great  efficacy  in  con- 
trading  both  the  greater  and  lefs  rings  of  the  iris,  as  may  be 
concluded,  he  fays,  from  the  immobility  of  the  pupil  in  a  gut- 
ta  ferena ;  alfo  becaufe,  on  this  fuppofition,  the  light  which 
paffes  in  at  the  pupil  muft,  by  contracting  the  lefs  ring,  become 
a  check  and  guard  againft  its  own  too  free  admiffion,  which  is 
agreeable  to  the  tenor  of  nature  in  like  inftances.  The  retina, 
he  obferves,  extends  to  the  greater  ring,  and  may  fend  fome 
nervous  fibres  to  it,  and  even  to  the  iris. 

One  or  both  of  thefe  actions  of  light,  he  fays,  feem  to  increafe 
the  fecretion  and  circulation  of  the  aqueous  humour  in  new 
born  children,  fo  as  to  fit  the  eye  for  vifion,  which  it  is  not  fit 
for  (through  the  deficiency  and  muddinefs  of  the  aqueous  hu¬ 
mour)  till  fome  time  after  birth.  § 

D .  Whytt  alfo  fays  that  the  contraction  of  the  pupil  is  not  per¬ 
formed  by  the  aCtion  of  light  upon  the  iris,  but  upon  the  retina; 
lince  whatever  intercepts  the  rays  of  light,  fo  as  to  prevent  their 
reaching  the  retina,  caufes  a  preternatural  dilatation  of  the  pupil; 
for  that  in  a  cataraft,  where  the  cryftalline  humour,  being  con- 
Jiderably  opaque,  intercepts  a  great  part  of  the  rays,  the  pupil 
lofes  a  good  deal  of  its  contractile  power. J  Suppofing  the 

•  A?.  Pat.  1765,  M.  p.  450.  §  Hartley’s  Obfervations  on  Man,  Vo&  i>  p.  219. 

X  Efiay  on  vital  and  involuntary  Motion,  p.  112. 
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ftrongeft  impreflion  of  light  to  be  on  the  choroides,  thefe  obfer- 
•vations  equally  fuit  the  hypothecs  of  the  feat  of  vifion  being  at 
that  membrance.  This  author  alfo  obferves  that  the  widenefs* 
of  the  pupil  in  a  fyncope,  apoplexy,  and  confirmed  gutta  ferena, 
fhews  that,  in  order  to  dilate  the  pupil  to  its  largeft  fize,  no  ef¬ 
fort  of  the  mind  is  neceflary,  but  only  the  fuperior  contractile 
power  of  the  longitudinal  fibres  of  the  uvea,  when  its  circular 
mufcle  is  not  excited  into  aCtion  by  the  ftimulus  of  light  on  the 
retina.*  ,  - 

As  the  fibres  and  rings  of  the  iris  cannot  be  proved  to  be  muf- 
cular,  and  it  is  the  opinion  of  fome  of  the  befi:  anatomifts,  that 
they  are  only  vafcular,  M.  J.  Weitbricht  endeavours  to  account 
for  the  dilatation  and  contraction  of  the  pupil,  for  the  admiflion 
of  more  or  lefs  light,  by  fuppofing  that  it  depends  upon  the 
motion  of  the  membrane  that  forms  the  iris  within  the  aqueous 
humour,  the  aperture  being  narrow  when  it  hangs  near  the 
cryftalline,  and  wide  when  it  is  protruded  towards  the  cornea, 
which  only  fuppofes  a  mechanical  extenfion  of  the  ring,  and  no 
proper  mufcular  power  of  its  own.  This  motion  of  the  iris’, 
he  fays,  may  be  aflfeCted  by  the  flowing  of  the  aqueous  humour 
from  one  of  the  chambers  that  contains  it  to  the  other,  which, 
he  fuppofes,  may  be  produced  by  the  aCtion  of  light  upon  the 
vitreous  humour,  or  the  veflels  which  contain  it,  fo  as  to  prefs 
upon  the  cryftalline,  and  make  it  to  pufti  the  aqueous  humour 
into  the  fore  part  of  the  eye.  But  he  owns  that  he  cannot  fatis- 
fy  himfelf  as  to  the  phyfical  caufe  of  this  operation. §  Indeed 
this  hypothefis  is  fuch  as  I  fhould  not  have  mentioned  except  in 
the  character  of  anhiftorian. 

*  Eflay  on  vital  and  involuntary  Motion,  p.  112.  §  Com.  Petrop.  Vol.  13,  p.  349. 
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CHAPTER  II. 


Observations  concerning  the  manner  in  which  the 

EYE  CONFORMS  ITSELF  TO  THE  DISTINCT  VIEW  OF 
OBJECTS  PLACED  AT  DIFFERENT  DISTANCES. 


HAT  we  are  capable  of  viewing  objeCts  with  nearly 


Jl  equal  diftinCtnefs,  though  they  are  placed  at  confiderably 
different  diftances,  is  evident ;  but  the  alteration  which  takes 
place  in  the  eye  for  this  purpofe,  or  the  mechanifm  by  which 
this  effeCt  is  produced,  is  not  eafily  afcertained. 

It  was  the  opinion  of  Kepler,  as  we  have  feen,  that  the  con¬ 
traction  of  the  procejj'us  ciliares  changes  the  form  of  the  eye,  and 
by  the  elongation  of  it,  places  the  cryftalline  at  a  greater  diftance 
from  the  retina  ;  whereas  Defcartes  imagined  that  the  curvature 
of  the  cryftalline  itfelf  fuffers  an  alteration  by  the  contraction  of 
thofe  ligaments.  This  curious  fubjeCt  began  to  be  more  parti¬ 
cularly,  and  more  accurately  difcuffed  in  the  period  preceding 
the  difcoveries  of  Newton  ;  but  fince  it  was  not  thoroughly  ex¬ 
plained  before  the  prefent  period,  I  have  referved  my  account 
of  the  whole  progrefs  of  this  controverfy  to  this  place. 


M.  De 
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M.  De  la  Hire,  who  confidered  this  fubjedt,  as  well  as  almoft 
every  other  fubjedt  relating  to  vifion  with  the  clofeft  attention, 
was  not,  however,  happy  in  his  hypothefis.  He  maintained  that, 
in  order  to  view  objedts  at  different  diftances,  there  is  no  altera¬ 
tion  but  in  the  lize  of  the  pupil,  or  the  aperture  of  the  eye  ;  and 
he  made  a  curious  experiment,  which  he  thought  proved  his  af- 
fertion.  He  placed  a  fmall  black  fpot,  both  as  near,  and  as 
far  off,  as  it  could  be  diftindtly  feen  ;  and  having  two  holes 
cut  in  a  piece  of  pafteboard,  of  fuch  a  lize,  and  at  fuch  a 
cijftance,  as  juft  to  admit  pencils  of  rays  palling  from  this  black 
fpot  to  each  eye,  he  interpofed  it  between  the  eye  and  this  ob- 
iedt,  after  the  perfon  on  whom  the  experiment  was  made  had 
been  looking  upon  it  fteadily  for  fometime ;  upon  which  it  im¬ 
mediately  appeared  double.  From  this  he  concluded,  that  the 
alteration  which  occalioned  the  double  vilion  had  not  been  made 
in  the  form  of  the  eye,  which  had  previoufly  conformed  itfelf  to 
the  diftindt  view  of  the  objedt ;  whereas  the  lize  of  the  pupil 
might  have  been  varied  by  the  exclulion  of  the  light  from  fo¬ 
reign  objedts.  But  to  this  it  is  juftly  objedted,  that  the  eye  hav¬ 
ing  been  upon  the  ftretch,  in  order  to  view  this  objedt  at  the 
neareft  or  greateft  limit  of  diftindt  vilion,  may  well  be  fuppofed 
to  have  relaxed  of  its  tenlion,  while  the  pafteboard  was  adjuft- 
ing  ;  and  belides,  the  apprehenlion,  as  I  may  fay,  of  diftance  be¬ 
yond  the  pafteboard  is  excluded  by  the  interpolition  of  it,  and 
the  idea,  or  bare  remembrance  of  the  diftance,  is  not  fufficient 
to  affedt  the  eye.  Indeed  there  is  no  doubt  among  philofophers 
at  prefent,  but  that  we  have  a  power  of  altering  the  form  of  our 
eyes,  fo  as  to  make  the  rays  of  any  pencil  to  converge  at  diffe¬ 
rent  diftances  from  the  pupil.* 

*  Smith’s  Op  ticks.  Remarks,  p.  41. 
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In  this  lafh  period  of  my  hiflory,  M.  Le  Roi,  a  member  of 
the  Royal  Academy  at  Montpelier,  has  attempted  to  defend  the 
opinion  of  M.  De  la  Hire,  which  had  long  been  exploded  by 
all  philofophers,  viz.  that  the  eye  accommodates  itfelf  to  the 
view  of  objects  placed  at  different  diflances  by  the  Contraction  or 
dilatation  of  the  pupil  only.  He  fays  that  this  accommodation 
does  not  confifl  in  the  change  of  the  place  of  the  cryflalline,  by 
means  of  the  ligamenta  ciliaria,  the  flr@ngth  of  which  is  very 
inadequate  to  fuch.a  purpofe.  Befides,  he  obferves  that  they  are 
not  attached  to  the  edges  of  the  capfula,  as  has  been  fuppofed, 
but  that  they  extend  a  confiderable  way  along  the  anterior  fur- 
face  of  it,  without  any  clofe  adherence  to  it.  He  is  alfo  of  opi¬ 
nion  that  tliefe  fibres  are  not  mufcular,  but  are  only  ramified  vef- 
fels,  which,  according  to  all  appearance,  he  fays,  anfwer  no 
other  purpofe  than  that  of  fecreting  an  aqueous  humour,  to  lu¬ 
bricate  the  furface  of  the  cryflalline.* 

That  nothing  was  requifite  but  the  contraction  of  the  pupil, 
in  order  to  view  the  nearefl  objects  with  diflinctnefs,  is  evident, 
he  fays,  from  experiment.  For  when  an  object  is  placed  fo  near, 
that  the  eye  cannot  bear  as  great  a  degree  of  contraction  as  is  ne- 
ceffary  for  viewing  it  diflinctly,  the  fame  end  is  obtained  by  an 
artificial  pupil.  For  if  a  fmall  hole  be  made  in  a  card,  the 
nearefl  object  may  be  viewed  through  it,  with  the  greatefl  eafe 
and  diflinctnefs. 

-  % 

That  the  variation  of  the  pupil  is  fufficient  for  the  purpofe  of 
viewing  objects  of  all  diflances,  he  alfo  thought  he  could  de- 
monflrate  by  experiment  with  an  artificial  .eye.  For  when,  with 
a  large  aperture,  the  images  of  near  objects  were  confufed,  and 
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ill  defined  upon  the  retina  of  this  inftrument,  they  became  very 
diftindt,  and  well  defined,  by  contracting  die  aperture. 

This  gentleman,  however,  does  not  feem  to  be  aware  of  the 
reafon  why  a  narrow  pupil  leflens  the  indiftindtnefs  of  vifion, 
which  is  by  confining  the  bafes  of  the  pencils  of  rays  which  if-* 
fue  from  the  points  of  an  objedt ;  fo  that  whether  they  meet 
before  they  come  to  the  retina,  or  converge  towards  fome  place 
beyond  it,  the  circle  of  difiipation,  as  it  is  called,  or  the  fpace 
tyhich  they  cover  upon  the  retina,  is  thereby  contradted.  The 
contradtion  of  the  pupil,  therefore,  tends  to  leflen  all  indiftindt- 
nefs  of  vifion,  whether  the  objects  be  too  remote,  or  too  near  ; 
and  it  may  be  made  very  evident  by  the  help  of  a  portable  ca¬ 
mera  obfcura  :  whereas  it  is  certain  that  the  pupil  is  not  con¬ 
tradted,  but  dilated,  for  the  purpofe  of  viewing  objedts  that  are 
very  remote.  Indeed,  without  a  dilatation  of  the  pupil  in  thofe 
circumftances,  a  fufficient  quantity  of  rays  could  not  be  admit¬ 
ted.  When  objedts  are  near,  and  well  illuminated,  the  con¬ 
tradtion  of  the  pupil  may  be  fufficient  for  viewing  them  diftindt- 
ly,  but  there  muft  be  fome  other  provifion  than  this  for  remedy¬ 
ing  the  indiftindtnefs  of  objedts  that  are  very  remote. 

The  moft  fatisfadtory  dilcuffion  of  this  fiibjedt  we  owe  to  Dr. 
Porterfield,  who  proved,  by  a  feries  of  experiments,  in  which 
an  objedt  was  viewed  through  fmall  flits  in  a  thin  plate  of  iron, 
at  a  lets  diftance  than  the  diameter  of  the  pupil  (which  therefore 
was  of  no  ufe  in  this  cafe)  that  we  are  poffefted  of  a  power  of 
changing  the  conformation  of  our  eyes,  and  of  adapting  them  to 
various  diftances ;  and  that  this  change  always  follows  a  fimiiar 
motion  in  the  axes  of  vifion,  with  which  it  has  been  connedted 
by  ufe  and  cuftom.  One  of  thefe  experiments,  which  will  be 
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fufficient  for  the  purpofe,  I  fhall  recite,  after  a  fhort  explanation 
of  two  axioms y  which  he  makes  ufe  of,  jin  order  to  draw  his  con- 
clufions  from  them. 

The  firft  is,  that,  when  an  objedt  feen  with  both  eyes  appears 
double,,  becaufe  its  diftance  is  lefs  than  that  to  which  the  eyes 
are  directed,  upon  covering  either  of  the  eyes,  the  appearance  on 
the  contrary  fide  will  vanifh  }  and  if  it  appear  double  becaufe  its 
diftance  is  greater  than  that  to  which  the  eyes  are  directed,  upon 
covering  either  of  the  eyes,  the  appearance  that  is  on  the  fame 
fide  will  vanifh.  The  fecond  axiom  is,  that  when  an  objedt  ap¬ 
pears  double  from  its  being  feen  with  one  eye,  through  two 
fmall  holes  made  in  a  card,  or  any  other  opaque  thin  body,  if 
its  diftance  be  greater  than  that  to  which  the  eye  is  accommo¬ 
dated,  upon  covering  either  of  the  holes,  the  appearance  that 
is  on  the  fame  fide  will  be  made  to  vanifh  ;  and  if  its  diftance 
be  lefs  than  that  to  which  the  eye  is  accommodated,  upon  cover¬ 
ing  either  of  the  holes,  the  appearance  that  is  on  the  contrary 
fide  will  be  made  to  vanifh. 

The  reafon  of  the  former  of  thefe  axioms  will  be  evident  to 
one  who  confiders  that  the  image  of  any  objedt  is  in  a  right  line 
from  the  eye  by  which  it  is  perceived,  and  that  thofe  images 
crofs  one  another  when  the  eye  is  diredted  to  a  place  beyond  the 
objedt  which  has  the  double  image.  But,  indeed,  any  perfon 
may  foon  fatisfy  himfelf  with  refpedt  to  this  axiom  by  adtual 
trial.  The  fecond  axiom  will  be  fully  explained  in  the  account 
of  the  experiments  of  Dr.  Motte  at  Dantzic,  where  it  will  be 
Ihewn,  that  when  the  fame  objedt  is  feen  through  two  flits,  the 
rays  coming  from  it  through  a  fmall  hole,  crofs  one  another  be¬ 
fore  they  reach  the  retina,  if  the  objedt  be  very  remote,  but  after 
it,  if  it  be  too  near  for  diftindt  vifion* 
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To  try  the  power  of  the  eye  to  conform  itfelf  to  the  diftincft 
view  of  objedts  placed  at  different  diftances,  independently  of 
the  contradtion  of  the  pupil,  he  took  a  fmall  plate  of  tin  IK,  fig. 
149,  in  which  he  cut  two  parallel  narrow  flits,  whofe  diftance 
from  one  another  did  not  exceed  the  diameter  of  the  pupil. 
Thefe  flits  gave  paffage  to  more  light  than  what  could  pafs 
through  the  holes,  and  therefore  were  fitter  for  his  purpofe,  it 
being  neceffary  that  the  objedt  fhould  be  clearly  leen.  This  plate 
he  held  clofe  to  his  right  eye  B,  in  fuch  manner,  as  that  the  flits 
might  have  a  vertical  pofition  ;  and  having  fhut  his  left  eye  A, 
he  viewed  through  thefe  flits  the  fmall  objedt  O,  which  alfo  had 
a  vertical  pofition,  and  confequently  was  parallel  to  the  flits. 
In  this  experiment  the  objedt  O  was  at  fuch  a  diftance  from  the 
eye  B,  as  to  appear  fingle,  when  viewed  in  this  manner,  through 
the  flits ;  but  when  both  eyes  were  opened,  and  diredted  to  a 
more  diflartt  point,  fuch  as  P,  three  appearances  were  feen  a ,  b, 
and  C,  which  appearances  were  nearer  to  or  farther  from  each 
other,  according  as  the  point  P  was  nearer  to,  or  farther  from 
the  objedt  O  ;  and  in  covering  the  left  eye  A,  the  appearance  a 
which  was  on  the  contrary  fide  vanifhed,  which  appearance  did 
therefore  belong  to  the  eye  A.  .  And  in  covering  the  right  eye  B, 
the  appearances  on  the  contrary  fide,  b  and  C,  belonging  to  the 
eye  B,  vanifhed  \  by  which  he  was  certain,  from  his  firfl  axiom, 
that  the  diftance  of  the  objedt  O  was  lefs  than  that  to  which  the 
eyes  were  diredted.  This  being  done,  his  next  bufinefs  was  to 
examine  whether  thefe  double  appearances,  b3  and  C,  which  were 
feen  through  the  flits,  did  not  alfo  proceed  from  the  objedt  O 
being  at]  a  lefs  diftance  than  that  to  which  the  eye  B  was  then 
accommodated ;  and  upon  trial  he  found  it  was  fo,  for  by  cover- 
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ing  either  of  the  flits  with  his  finger,  the  appearance  on  the  con¬ 
trary  fide  was  always  made  to  vanifh ;  agreeably  to  his  fecond 
axiom. 

Having  fatisfied  himfelf  as  to  thefe  particulars,  he  changed 
the  diredtion  of  his  eyes,  and  turned  both  of  them  inwards,  to¬ 
wards  a  nearer  point,  fuch  as  x ,  by  which  alfo  three  appearances 
were  feen,  d,  e,  and  F ;  and  thefe  appearances  were  alfo  nearer 
to,  or  farther  from  one  another,  according  as  the  point  x  was 
nearer  to,  or  farther  from  the  object  O  ;  but  they  were  always 
in  a  contrary  order  to  thofe  that  were  feen  when  his  eyes  were 
diiedted  as  above.  For  the  appearance  F,  feen  by  the  left  eye 
A,  was  on  the  left  fide,  and  the  appearances  d  and  e9  which 
were  feen  through  the  flits,  by  the  right  eye  B,  were  on  the  right 
fide  ;  whence  he  was  certain  that  the  diflance  of  the  object  O 
was  greater  than  that  to  which  his  eyes  were  directed.  He  then 
covered  one  of  thefe  flits  with  his  finger,  and  found  that  the 
appearance  which  was  on  the  fame  fide  did  always  vanifh  -y  from 
which,  when  compared  with  the  fecond  axiom,  it  follows  that 
the  objedfc  O  was  then  at  a  greater  diflance  than  that  to  which 
the  eye  was  accommodated. 

In  making  this,  and  all  the  following  experiments,  it  was  ne- 
cefiary  that  the  objedt  O  fhould  be  as  confpicuous  as  pofiible. 
What,  upon  trial,  he  found  to  anfwer  beft,  was  a  narrow  flit, 
made  in  a  dark  lantern,  in  which  a  lighted  candle  was  put,  to 
tender  it  luminous.* 

From  thefe  experiments  he  thought  that  he  had  fufficiently 
proved  what  he  propofed  ;  for  when  the  eyes  were  diredtea  to  P, 
the  objedt  O  was  feen  double  through  the  flits  j  and  by  covering 
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one  of  the  flits,  it  appeared  that  the  eye  was  adapted  to  too  great 
a  diftance  ;  and  as  the  point  P  was  brought  nearer  and  nearer  to 
the  objeft  O,  thefe  appearances  approached  nearer  and  nearer  to 
one  another  continually,  till  at  lad:,  when  the  point  P  became 
very  near  to  O,  they  coincided  in  one,  at  O  ;  which  fhews  that 
the  eye  was  then  adapted  to  its  diftance.  But  when  the  point  P 
was  moved  along  the  line  O  x,  from  O  to  „v,  two  appearances  of 
the  object  O  were  again  feen  through  the  flits ;  which  appear¬ 
ances,  being  in  a  contrary  order  from  what  were  feen  when  the 
point  P  was  on  the  other  fide  of  the  objedt  O,  it  follows  that  the 
eye  was  then  adapted  to  too  fmall  a  diftance.  And  as  the  point 
P,  in  its  motion  from  O  to  x,  receded  farther  and  farther  from 
O,  thefe  appearances  receded  farther  and  farther  from  one  ano¬ 
ther  continually.  From  all  which  it  is  evident,  that  there  is  a 
neceftary  connexion  and  dependence  eftablifhed  between  thofe 
motions,  whereby  the  conformation  of  our  eyes  is  changed,  and 
that  there  are  certain  correfponding  motions  in  the  axes  of  vifion, 
which  makes  it  impoftible  for  us  to  diredt  our  eyes  to  any  object, 
within  the  limits  of  diftindt  vilion,  without,  at  the  fame  time, 
giving  them  that  difpofition  which  is  neceftary  for  feeing  diftindtly 
at  that  diftance.* 

From  other  experiments,  fimilar  to  that  above  mentioned,  it 
was  manifeft  that  the  eye  frequently  miftakes  the  diftance  of  ob¬ 
jects.  For  the  fame  reafon,  it  is  that,  when  both  eyes  are  open, 
and  directed  to  the  objedl,  it  appears  Angle  at  all  diftances,  with¬ 
in  the  limits  of  diftindt  vifion,  becaufe  the  eye  is  then  accom¬ 
modated  to  its  diftance,  which  is  known  to  us  by  means  of  the 
angle  which  the  optic  axes  make  at  the  objedt. 

f  Porterfield  on  the  Eye,  Vol.  i,  p.  415. 
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Secondly,  the  judgment  which  the  mind  forms,  with  refpecft 
to  the  diftance  of  objects,  feen  with  only  one  eye  through  the 
flits,  is  not  always  the  fame,  but  is  fluctuating  and  inconftant ;  ' 
as  he  gathered  from  fome  experiments  in  which  the  object  fome- 
times  appeared  Angle,  and  at  other  times  double  3  and  when  it 
appeared  double  the  diftance  betwixt  the  appearances  was  not 
conftantly  the  fame. 

Thirdly,  if  the  object  feenlthrough  the  flits,  the  other  eye  be¬ 
ing  fhut,  is  not  much  beyond  the  neareft  limits  of  diftinct  vifion, 
when  the  mind  miftakes  its  diftance,  it  imagines  it  farther  off  than 
it  really  is,  as  was  evident  from  feveral  of  his  experiments.  But 

Fourthly,  when  the  object  is  not  a  great  deal  nearer  than  the 
greateft  diftance  of  which  it  can  be  diftinctly  feen,  when  we 
miftake  its  diftance,  we  imagine  it  to  be  nearer  than  it  really  is  ; 
whence  it  appears  double,  becaufe  it  is  too  far  off  with  refpect 
to  the  conformation  of  the  eye.* 

From  the  principal  of  thefe  experiments  Dr.  Porterfield  ob- 
ferves,  that  an  inftrument  may  be  contrived,  which,  from  its  ufe, 
in  meafuring  the  limits  of  diftincft  vifion,  and  in  determining 
with  great  exadlnefs  the  ftrength  or  weaknefs  of  Aght,  may  be 
termed  an  optometer.% 

That  the  eye  does,  by  fome  conformation,  adapt  itfelf  to  the 
view  of  objects  at  different  diftances,  feems  to  have  been  indif- 
putably  proved  by  Dr.  PorterAeld  3  but  among  thofe  who  fup- 
pofe  a  conformation  of  eye  for  this  purpofe,  independent  of  a 
variation  in  the  aperture,  it  is  by  no  means  agreed  in  what  it 
confifts. 

*  Porterfield  on  the  Eye,  Vol.  1.  p.  421,  §  lb.  p.  423. 
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Some  have  faid  that  the  cryftalline  becomes  more  or  lefs  con¬ 
vex,  for  this  purpofe,  by  the  action  of  certain  mufcular  fibres, 
which  enter  into  its  compofition.  But  Dr.  Porterfield  obferves, 
that,  though  the  cryftalline,  when  dry,  appears  to  confift  of 
many  thin  concentric  laminae,  or  fcales,  as  was  mentioned  be¬ 
fore,  their  difpofttion  is  but  ill  qualified  for  changing  the  figure 
of  the  cryftalline  ;  or,  if  they  were  fo,  it  is  not  ealy,  he  fays,  to 
prove  that  thefe  fibres  are  mufcular,  and  capable  of  contraction.* 

His  own  opinion  is,  that  the  cryftalline  has  a  motion,  by 
means  of  the  ligamentum  ciliare ,  by  which  the  diftance  between 
it  and  the  retina  is  increafed  or  diminifhed,  according  to  the  dif¬ 
ferent  diftances  of  objects.  The  ligamentum  ciliare,  he  fays, 
is  an  organ,  the  ftruCture  and  difpofttion  of  which  excellently 
qualify  it  for  changing  the  fttuation  of  the  cryftalline,  and  re¬ 
moving  it  to  a  greater  diftance  from  the  retina,  when  objects  are 
too  near  for  us  ;  for  that,  when  it  contra&s,  it  will  not  only 
draw  the  cryftalline  forwards,  but  it  will  alfo  comprefs  the  vitre¬ 
ous  humour  lying  behind  it,  fo  that  it  muft  prefs  upon  the  cry¬ 
ftalline,  and  pufh  it  towards  the  retina.  In  order  to  underftand 
this,  let  C,  fig.  150,  reprefent  the  cryftalline,  and  the  curve  lines 
ao,  ao ,  will  reprefent  the  ligamentum  ciliare.  Now  it  is  eafy 
to  fee,  that  when  this  ligament  contracts,  it  muft  draw  the 
cryftalline  forwards,  in  the  direction  of  the  right  line  aod,  aod, 
by  which  means  it  will  be  brought  nearer  to  the  forepart  of  the 
eye. 

He  alfo  obferves,  that  the  fibres  which  compofe  this  ligament 
do  not  run  in  a  ftraight  line,  but  form  a  hollow,  and  that  there¬ 
fore,  when  they  contract,  they  muft  come  nearer  to  the  ftraight 


*  Porterfield  on  the  Eye,  Vol,  1,  p.  443. 
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lines  ao,  ao,  by  which  means  the  concavity  will  become  lefs, 
and  the  vitreous  humour  will  be  comprefled,  and  thereby  pufh 
the  cryflalline  more  forwards. 

He  adds,  that  the  cryftalline  being  moved  forwards,  it  muff, 
at  the  fame  time,  prefs  the  aqueous  humour  againft  the  cornea  j 
by  which  means  that  membrane,  which  is  flexible,  will  be  ren¬ 
dered  more  convex,  and  enable  us  ftill  better  to  fee  near  ob¬ 
jects  diftinCtly.* 

That  the  fituation  of  the  cryftalline  is  made  ufe  of,  in  con¬ 
forming  the  eye  to  the  diftinCt  view  of  objects,  placed  at  diffe¬ 
rent  diftances.  Dr.  Porterfield  thinks  is  very  evident  from  what 
is  obferved  concerning  perfons  who  have  cataracts  couched  $  for 
the  fame  lens  is  not  ufeful  to  them  for  feeing  all  objeCts  diftinCl- 
ly,  but  they  are  obliged  to  make  ufe  of  glafles  of  different  de¬ 
grees  of  convexity,  in  proportion  to  the  nearnefs  of  the  object. § 

To  the  objection  of  M.  de  la  Hire,  and  others,  among  whom 
are  the  celebrated  anatomifts  Haller  and  Zina,  J  that  the  ciliary 
ligament  is  not  mufcular,  and  confequently  has  no  power  of 
contraction.  Dr.  Porterfield  obferves,  that  they  have  been  led 
into  this  miftake  by  a  wrong  notion  they  have  entertained  about 
the  colour  of  mufcles,  as  if  they  were  always  red.  But  this, 
fays  he,  is  not  the  cafe  univerfally,  for  the  mufcular  fibres  of 
the  inteflines  and  ftomach  have  hardly  any  rednefs  in  their  co¬ 
lour.  It  is  alfo  certain,  he  fays,  that  the  pupil  contracts  and 
dilates  itfelf  according  as  objects  are  more  or  lefs  luminous, 
and  yet  none  of  the  fibres  which  perform  that  aCtion  are  in 
the  leaft  red.  || 

*  Porterfield  on  the  Eye,  Vcl.  z,  p.  447.  §  lb.  p.  434.  J  Mufchenbroeck's 

Introdu&io,  p.  749.  ||  lb.  p.  450. 
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It  has  alfo  been  objected  to  our  feeing  diftindtly  at  different 
diftances  by  means  of  the  motion  of  the  crystalline,  that,  upon 
computation,  this  motion  is  found  inefficient  to  procure  diftindl 
vifion  at  the  diftances  to  which  the  fight  reaches ;  but  Dr.  Porter¬ 
field  obferves  that,  as  all  fuch  computations  are  founded  upon  the 
meafures  of  the  feveral  parts  of  the  eye,  their  diftances  from  each 
other,  and  the  refradtive  power  of  the  humours,  none  of  which  it 
is  poffible  to  afcertain  with  fuch  exadtnefs  that  it  may  be  de¬ 
pended  on,  this  objedtion,  is  but  of  little  weight ;  andbeftdes,  fup- 
pofing  that  the  diftance  betwixt  the  cryftalline  and  retina  could 
not  be  fufficiently  increafed  by  the  motion  of  the  cryftalline,  for 
enabling  us  to  fee  diftindtly  at  the  leaft  diftance  the  eye  can 
reach  to,  yet  what  is  wanting  in  this  will  be  fupplied  by  the 
greater  convexity  of  the  cornea.  For  when  the  cryftalline  is 
brought  forward,  its  diftance  from  the  retina  is  not  only  increaf¬ 
ed,  but  the  cornea  itfelf  is  alfo  rendered  more  convex,  which  had 
not  been  attended  to  by  the  authors  of  this  objedlion.* 

Dr.  Jurin’s  hypothefis  concerning  the  method  whereby  we  are 
able  to  view  remote  objedts,  deferves  to  be  recited.  When  the 
eye  is  to  be  fuited  to  greater  diftances  than  15  or  16  inches,  he 
fuppofes  the  ligamentum  ciliare  to  contradt,  fo  as  to  draw  part  of 
the  anterior  furface  of  the  capfula  of  the  cryftalline,  into  which 
the  fibres  of  it  are  inferted,  a  little  forwards  and  outwards,  on 
which  the  water  within  the  capfula  muft  flow  from  under  the 
middle,  towards  the  elevated  part  of  it ;  and  the  aqueous  hu¬ 
mour  muft;  flow  from  above  the  elevated  part  of  the  capfula  to 
the  middle.  In  confequence  of  this  the  whole  anterior  furface, 
within  the  infertion  of  the  ligamentum  ciliare,  will  be  reduced 


*  Porterfield  on  the  Eye,  Vol.  I,  p.  447. 
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to  a  lefs  convexity.  When  this  contra&ion  ceafes,  the  capfula 
will  return  to  its  former  lituation,  by  its  own  elafticity.  The 
capfula,  he  fays,  being  a  very  tender  membrane,  and  contain¬ 
ing  water  between  its  inner  furface  and  the  crydalline,  can  readi¬ 
ly  obey  the  effort  of  the  ligamentum  ciliare,  though  fo  weak  a 
mufcle. 

It  may  be  objected  to  this  hypothecs,  that  unlefs  the  water 
within  the  capfula  have  a  greater  refractive  power  than  the  aque¬ 
ous  humour,  the  retiring  of  it  from  one  place  to  another,  to 
make  room  for  that  humour,  will  have  no  effeCt  upon  the  pen¬ 
cils  of  rays.  Dr.  Jurin,  however,  not  attending  to  this  circum- 
ftance,  and  feeming  to  confider  the  water  within  the  capfula,  as 
having  the  fame  refraCtive  power  with  the  cryftalline  itfelf,  at¬ 
tempts  to  fhew  by  calculation,  that  this  change  in  the  convexity 
of  it  is  quite  fufficient  to  extend  the  natural  diftance  of  diflinCt 
vifion  from  15  inches,  to  14  feet  5  inches,*  without  the  lead: 
motion  of  the  cryftalline  itfelf,  and  a  very  fmall  one  of  the  an¬ 
terior  furface  of  the  capfula. -f* 

M.  Mufchenbroeck,  or  rather  Albinus  (whofe  anatomical  ob- 
fervations  on  the  eye  he  has  publifhed  in  his  Introdudlio ,  &c )  fup- 
pofes  that  the  change  of  conformation  in  the  eye  is  performed 
by  means  of  the  zona  ciliaris,  in  the  following  manner.  In 

*  Several  philofophers  fpeak  of  the  fartheji  as  well  as  the  nearejl  limit  of  diftinft  vi¬ 
fion  ;  but  this  language  is  evidently  improper  ;  fince,  if  an  objeft  be  large  enough  to  fub- 
tend  a  fufficient  angle  at  the  eye,  it  matters  not  at  what  diftance  it  be  placed,  it  being  feen 
with  equal  diftin&nefs.  If  perfons  be  not  lliort-ftghted,  they  can  lee  by  parallel  rays, 
and  fome  even  with  converging  ones.  What  they  mean  by  the  fartheji  limit  of  diftinfi 
‘vifon  feems  to  be  the  greateft  diftance  at  which  a  book  of  a  middle  fized  print  may  be 
read.  This  is  plainly  Dr.  Jurin’s  meaning,  for  he  fays,  p.  141,  that  this  limit  varies 
with  the  lize  of  the  print.  4  Eilay  on  diftinft  and  indiftinft  vifion,  p.  143. 
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viewing  a  very  near  object,  in  confequence  of  which  the  pencils 
of  rays  tend  to  a  focus  beyond  the  retina,  the  zona  ciliaris,  and 
the  anterior  membrane  of  the  capfula,  as  alfo  the  vitreous  hu¬ 
mour,  being  driven  forward  by  the  compreflion  of  the  coats  of 
the  eye,  pufh  the  cryftalline,  and  make  it  recede  from  the  retina. 
At  the  fame  time  the  cryftalline,  pufhing  the  aqueous  humour 
into  the  cornea,  makes  it  more  prominent.  Perhaps  alfo,  he 
fays,  the  cryftalline  may  be  made  rounder,  fo  that,  on  three  ac¬ 
counts,  the  pencils  will  come  to  their  foci  fooner  than  other- 
wife.  On  the  other  hand,  when  the  objedt  is  too  remote  for 
diftindt  vifion,  fo  that  the  pencils  come  to  their  foci  too  foon, 
the  zona  ciliaris  becomes  tenfe,  and,  with  the  anterior  membrane 
of  the  capfula,  puthes  the  cryftalline  farther  within  the  vitreous 
humour.  By  this  prefture  the  cryftalline  becomes  flatter,  fo  that 
on  thefe  feveral  accounts,  the  foci  of  the  pencils  are  carried  far¬ 
ther.  He  fays  it  was  formerly  thought  that  the  place  of  the  cry¬ 
ftalline  was  changed  by  the  proceflus  ciliaris,  but  that  this  opi¬ 
nion  was  rejedted,  becaufe  the  proceflus  were  not  found  to  be 
mufcular,  and  detached  from  the  cryftalline.*  It  is  much  more 
probable,  he  fays,  that  the  form  of  the  cryftalline  fhould  be 
changed  by  the  adlion  of  the  anterior  membrane  of  the  capfula, 
than  by  the  proceflus  ciliares,  which  at  the  extremities  are  de¬ 
tached  from  it,  and  lie  fo  obliquely,  that  they  cannot  act  diredt- 
ly  upon  the  cryftalline. § 

The  zona  ciliaris,  and  the  anterior  membrane  of  the  capfula, 
can  only  pufti  the  cryftalline  into  the  vitreous  humour  one  half 
of  its  own  thicknefs,  which,  he  thews,  is  not  fufhcient  to  make 
vifion  diftindt  at  a  competent  extent  of  diftance,  and  therefore 

#  Mufchenbroeck’s  Introdu&io,  Vol.  z,  p.  759.  §  lb.  p.  760. 
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concludes  that  fome  change  muft  take  place  in  the  form  of  the 
cryftalline,  as  he  fays  Dr.  Pemberton  has  well  demonftrated ; 
fince,  though  we  generally  fee  objects  by  means  of  diverging 
rays,  yet  in  uling  microfcopes,  we  fee  by  means  of  parallel,  and 
fometimes  even  converging  rays.* 

Since  it  is  impoffible  that  the  fclerotica  fhould  be  comprelTed 
in  many  animals,  in  which  it  is  perfectly  hard,  and  the  eyes  of 
all  animals  are,  in  the  chief  refpedts,  fimilar,  he  thinks  it  pro¬ 
bable,  that  the  provifion  for  fuiting  the  eye  to  different  diftances 
is  the  fame  in  them  all,  and  therefore  that  it  does  not  depend 
upon  the  change  of  the  fclerotica  in  any  of  them.§ 


CHAPTER  III. 
Observations  on  SQJJINTING. 


SQJJ  I  N  T I  N  G  is  a  circumftance  relating  to  vifion  con¬ 
cerning  which  there  has  been  a  confiderable  variety  of  opi¬ 
nions  among  philofophers.  This  defeat  was  generally  fuppofed 
to  proceed  from  the  want  of  a  due  correfpondence  in  the  muf- 
cles  of  the  eyes,  which,  not  acting  in  a  proper  concert  with  one 
another,  are  not  able  to  point  both  eyes  at  one  object ;  but  M. 
De  la  Hire  imagined,  that  this  deformity  did  not  arife  from  any 
depraved  habit,  or  want  of  confent  in  the  mufcles  of  the  eyes, 

*  Mufchenbroeck’s  Introdu&io,  p.760,  §  Ib.p.  761. 
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but  from  a  defect  in  the  eye  itfelf,  having  the  moft  fenfible  part 
of  the  retina  not  placed  in  the  axes  of  the  eye,  but  at  fome  dis¬ 
tance  from  it,  on  the  one  fide  or  on  the  other ;  and  that,  there¬ 
fore,  not  the  axis,  but  this  more  fenfible  part  of  the  retina  is 
turned  towards  the  object  on  which  the  axes  of  the  other  eye  is 
fixed,  fo  that  both  axis  are  not  directed  to  the  fame  point. 

This,  and  other  hypothefes  are  clearly  refuted  by  Dr.  Jurin, 
who  gives  the  following  fenfible  account  of  this  defect  in  vifion. 
When  we  look  directly  forwards  at  a  diftant  object,  the  pupil  of 
each  eye  lies  in  the  middle  of  the  aperture  formed  by  the  eye 
lids.  In  looking  at  near  objects,  the  diftance  between  the  pupils 
is  fomething  lefs,  but  ftill  it  is  always  the  fame  in  all  oblique 
directions  of  the  eyes,  as  well  as  when  we  look  flraight  for¬ 
wards  ;  by  which  means  the  axes  of  both  eyes  are  directed  to¬ 
wards  the  fame  point,  in  both  thefe  cafes  of  looking  at  diftant 
and  near  objects.  But  in  thofe  who  fquint,  when  the  pupil  of 
the  undiftorted  eye  is  feated  in  the  middle  of  the  aperture,  as  in 
looking  directly  forward,  the  pupil  of  the  other  eye  is  generally 
drawn  clofe  to  the  nofe,  and  confequently  the  diftance  between 
the  two  pupils  continues  the  fame  in  all  oblique  directions  of  the 
eyes,  fo  that  the  two  axes  are  never  pointed  at  the  fame  object, 
though  the  mufcles  do  fo  far  act  in  concert  with  each  other,  as 
to  move  both  eyes  the  fame  way  at  the  fame  inftant  of  time. 

This  vicious  habit,  he  obferves,  may  eafily  be  contracted  by 
a  child,  if  he  is  often  laid  into  his  cradle,  in  fuch  a  pofition  as 
to  be  able  to  fee  either  the  light,  or  any  other  remarkable  ob¬ 
ject,  with  one  eye  only.  And  when,  by  this  means,  he  is 
brought  to  fquint,  and  the  habit  is  confirmed,  he  apprehended 
it  would  be  in  vain  to  attempt  to  cure  him  by  his  wearing  tubes. 


or 


654  OBSERVATIONS  Per.  VI. 

v  llllpij 

or  fhells  with  fmall  holes  in  them  to  look  through,  which  it 
feems,  had  been  pradtifed  before. 

The  true  method  of  cure  he  took  to  be  the  following.  When 
the  child  is  arrived  at  fuch  an  age  as  to  be  capable  of  obferving 
directions,  place  him,  fays  he,  diredtly  before  you,  and  let  him 
clofe  the  undiftorted  eye,  and  look  at  you  with  the  other. 

When  you  find  the  axis  of  this  eye  fixed  diredtly  upon  you,  bid 
him  endeavour  to  keep  it  in  that  fituation,  and  open  his  other 
eye.  You  will  now  fee  the  diftorted  eye  turn  away  from  you  to¬ 
wards  his  nofe,  and  the  axes  of  the  other  eye  will  be  pointed  to¬ 
wards  you.  But  with  patience  and  repeated  trials,  he  will,  by 
degrees,  be  able  to  keep  his  diftorted  eye  fixed  upon  you,  at 
leaft  for  fome  little  time,  after  the  other  is  opened ;  and  when 
you  have  brought  him  to  keep  the  axis  of  both  eyes  fixed  upon 
you,  as  you  hand  diredtly  before  him,  it  will  be  time  to  change 
his  pofiure,  and  to  fet  him  firft  a  little  to  one  fide  of  you,  and 
then  to  the  other,  and  fo  to  pradtife  the  fame  thing.  And  when, 
in  all  thefe  fituations,  he  can  perfectly  and  readily  turn  the  axes 
of  both  eyes  towards  you,  the  cure  is  effected.  An  adult  perfon 
he  fays,  may  pradtife  all  this  by  a  glafs,  without  a  director, 
though  not  fo  eafily  as  with  one  j  but  the  older  he  is,  the  more 
patience  will  be  necelfary. 

Our  author  once  attempted  a  cure  after  this  manner,  upon  a 
young  perfon  about  nine  years  of  age,  with  promifing  hopes  of 
fuccefs,  but  was  interrupted  by  his  falling  ill  of  the  fmall  pox, 
of  which  he  died.* 

The  bufmefs  of  fquinting  was  far  more  accurately  confidered 
by  M.  Bufton,  who,  from  a  great  number  of  obfervations,  found 

that 


*  Smith’s  Opticks.  B.emarks,  p.  30.. 
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that  the  true  and  original  caufe  of  it  is  an  inequality  in  the 
goodnefs,  or  in  the  limits  of  diftinct  vifion  in  the  two  eyes. 
When  one  of  the  eyes,  he  fays,  is  much  weaker  than  the  other, 
we  do  not  diredl  it  towards  the  objecl,  but  make  ufe  of  the 
Wronger  eye  only ;  for  the  fame  reafon  that  we  commonly  make 
ufe  of  the  right  arm  in  preference  to  the  left.  When  the  eyes 
are  equally  good,  we  fee  more  diftindlly  with  both  eyes  than 
with  one,  by  about  a  thirteenth  part ;  but  when  the  eyes  are 
unequal  in  goodnefs,  objedls  appear  lefs  diftindt  with  both  eyes 
than  with  one.  If,  for  infcance,  the  diftance  at  which  a  perfon 
can  read  a  fmall  print  be  from  8  to  20  inches  with  the  flronger 
eye,  and  only  from  8  to  1 5  with  the  weaker,  diflindt  vition  will 
be  limited  to  7  inches,  viz.  from  8  to  15  for  both  eyes ;  and 
as  the  image  in  the  good  eye  will  be  flronger  than  that  in  the 
weak  one,  the  impreffion  upon  them  both  will  not  be  fo  diftindt, 
as  if  the  good  eye  only  had  been  ufed.  It  is  no  wonder,  there¬ 
fore,  that  fuch  perfons  chufe  to  make  ufe  of  one  eye  only,  and 
turn  the  other  afide.* 

Our  author  does  not  affert  that  this  inequality  in  the  goodnefs 
of  the  eyes  is  the  only  caufe  of  fquinting.  He  only  fays,  that 
it  is  the  general  caufe,  fo  that  others  may  be  termed  accidental 
ones  with  refpedt  to  it.  All  the  perfons  that  he  examined,  if 
they  fquinted  at  all,  did  fo  from  this  caufe,  and  this  effedt  is  fo 
neceffary,  that  he  fays,  it  is  not  poffible  to  cure  a  perfon  of  fquint¬ 
ing  whofe  eyes  differ  much  in  point  of  goodnefs,  except,  per¬ 
haps,  by  firft  bringing  them  nearer  to  an  equality,  by  means  of 
glaffes.§  Dr.  Reid  obferves  that,  having  examined  above  twen¬ 
ty  perfons  who  fquinted,  he  found  in  all  of  them  a  defedt  in  the 

*  Ac.  Par.  1743,  M.  P.  329.  §  lb.  p.  338. 
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fight  of  one  eye.  Four  of  them  only  had  fo  much  of  diftindt 
vifion  in  the  weak  eye  as  to  be  able  to  read  with  it,  while  the  o- 
ther  was  covered.  The  reft  faw  nothing  at  all  diftindtly  with 
one  of  the  eyes.'* 

In  examining  the  limits  of  diftindt  vifion  in  feveral  children 
who  did  not  fquint,  M.  BufFon  found  (contrary  to  the  ob- 
fervations  of  Dr.  Jurin  above  mentioned)  that  they  did  not 
fee  by  any  means  either  fo  far  off",  or  fo  near,  as  adult  perfons,  fo 
that,  as  we  advance  in  age,  the  limits  of  diftindt  vifion  are  extend¬ 
ed  both  ways ;  and  this,  he  fays,  is  one  reafon  why  children  fquint 
more  than  adult  perfons.  For  if  it  require  only  tV,  or  a  lefs  de¬ 
gree  of  inequality,  to  produce  fquinting  when  the  limits  of  dif¬ 
tindt  vifion  are  finall,  it  will  require  or  a  greater  inequality,  to 
produce  fquinting  when  thofe  limits  are  greater  j  fo  that  this  de- 
fedt  may  be  expedted  to  grow  lefs  with  age. 

When  the  eyes  of  thofe  perfons  who  fquint  do  not  differ  much 
in  point  of  goodnefs,  he  thought  that  the  moft  fimple,  the  moft 
natural,  and  effedtual  method  of  curing  it,  would  be  to  cover 
the  good  eye  for  fome  time.  For  that,  in  this  cafe,  the  diftort- 
ed  eye  would  be  obliged  to  adt,  and  turn  itfelf  diredtly  towards 
objedts  ;  and  by  degrees  it  would  become  natural  to  it.  Some 
oculifts,  he  was  informed,  had  fucceeded  in  this  method j  but 
before  recourfe  is  had  to  it,  he  advifes  that  the  inequalities  in 
the  eyes  be  well  afcertained,  becaufe  it  will  never  fucceed  if  the 
difference  in  the  eyes  be  very  great.  Our  author  having  com¬ 
municated  his  fcheme  to  feveral  perfons,  and  among  others  to 
M.  Bernard  de  Juflieu,  to  whom  he  read  part  of  his  Memoir, 
he  had  the  fatisfadtion  to  find  his  opinion  confirmed  by  an  ex- 

*  Inquiry  into  the  human  Mind,  p.  253. 
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periment  of  that  gentleman,  and  which  is  recited  by  Mr.  Allen 
in  his  Synopjis  Univerfe  Medicines.* 

The  reafon  why  thofe  perfons  who  fquint  generally  turn  the 
weak  eye  towards  the  nofe,  he  fays,  is  that,  in  that  fituation, 
the  direction  of  its  axis  is  as  diftant  as  poffible  from  that  of  the 
good  eye  3  and  befides,  in  this  place,  the  nofe  conceals  many 
objects  from  its  view,  fo  that  this  iituation  is  the  lead:  difadvan- 
tageous  to  it  of  any  other.-f* 

In  fome  cafes,  our  author  obferves,  that  the  eyes  have  what  is 
commonly  called  a  cafi  only,  in  confequence  of  the  optic  angle 
being  too  great,  or  too  fmall,  when  they  are  of  equal  goodnefs. 
This,  he  fays,  is  generally  the  refult  of  habit,  acquired  very  early, 
in  confequence  of  the  mifmanagement  of  children,  and  that  it 
is  often  eafily  cured.  If  the  eye  that  fquints  be  turned  towards 
the  temples,  he  fays  he  has  generally  found  that  there  is  no  great 
inequality  in  the  goodnefs  of  the  two,  and  that,  in  this  cafe,  the 
caufe  being  only  a  vicious  habit,  the  cure  has  been  completed 
by  covering  the  good  eye  for  a  fortnight  only.§ 

Mr.  BufFon  concludes  this  curious  memoir  with  obferving, 
that  a  weak  eye  acquires  ftrength  by  exercife,  and  that  many  per¬ 
fons,  whofe  fquinting  he  had  thought  to  be  incurable,  on  account 
of  the  great  inequality  in  the  goodnefs  of  their  eyes,  having  co¬ 
vered  their  good  eye  a  few  minutes  only,  and  confequently  being- 
obliged  to  exercife  their  bad  eye  for  that  fhort  time,  were  them- 
felves  furprized  at  the  flrength  it  had  acquired  ;  fo  that  meafur- 
ing  their  view  afterwards,  he  found  it  more  extended,  and  judg¬ 
ed  the  fquinting  to  be  curable.  In  order,  therefore,  to  judge 
with  any  certainty  of  the  inequality  of  goodnefs  in  the  two  eyes, 

*  Ac.  Par.  1743,  M.  p.  335.  f  lb.  p.  337.  §  lb.  p.  342. 
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and  the  pofiibility  of  the  cure  of  fquinting,  it  is  necefiary,  he 
fays,  to  cover  the  good  eye  for  fome  time,  in  order  to  exercife 
the  bad  eye,  and  give  it  an  opportunity  of  gaining  ftrength,  after 
which  it  will  be  eafier  to  judge  whether  the  cure  be  pofiible  or 
not.* 

After  giving  a  good  deal  of  attention  to  this  fubjeft,  and  after 
having  examined  the  eyes  of  feveral  perfons  who  fquinted.  Dr. 
Reid  is  of  opinion,  that  the  centers  of  the  two  eyes  correfpond 
in  them  as  in  other  perfons,  fo  that  if  they  could  be  brought  to 
the  habit  of  directing  their  eyes  aright  to  an  object,  they  would 
not  only  remove  a  deformity,  but  likewife  improve  their  fight. § 

Several  circumftances  relating  to  vifion,  and  more  efpecially  to 
fquinting ,  are  well  explained  by  fome  of  Dr.  Hartley’s  obferva- 
tions  on  the  ftrudture  of  the  eye.  The  following  relate  to  the 
motion  of  the  globe  of  the  eye.  The  white  tendinous  expan- 
fions  of  the  four  ftraight  mufcles  reach,  he  fays,  as  far  as  the  cor¬ 
nea,  and  confequently  they  are  thereby  expofed,  in  a  particular 
manner,  to  the  a£tion  of  light,  when  the  eye  is  open,  being 
covered  by  nothing  but  a  thin  membrane.  However,  the  ten¬ 
dinous  expanfions  of  the  adducens  and  abducens  are  much  more 
expofed  than  thofe  of  the  attollens  and  deprimens ;  and  if  the  eye 
be  but  a  little  open,  the  light  cannot  fall  upon  thefe  laft  at  all. 

If  a  luminous  objedt  be  placed  upon  the  right  fide,  fo  as  that 
the  light  fhall  fall  in  a  particular  manner  upon  the  tendinous  ex- 
panfion  of  the  abducens  of  the  right  eye,  and  of  the  adducens 
of  the  left,  it  may,  by  contra&ing  thefe  mufcles,  -make  the  eyes 
move  in  a  congruous  manner,  turning  them  towards  itfelf ;  and 
the  tendency  of  the  eyes  to  move  towards  the  right  fide  ought 

*  Ac.  Par.  1743,  M.  p.  345.  §  Inquiry  Into  the  human  Mind,  p.  257. 
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not  to  ceafe  till  the  adducens  and  abducens  in  each  eye  have  an 
equal  quantity  of  light  fall  upon  them  from  the  luminous  ob¬ 
ject,  i.  e.  till  the  optic  axis  be  directed  to  it.  In  which  cafe  the 
eyes  would  be  in  asquilibrio,  as  far  as  they  are  under  the  influ¬ 
ence  of  the  light  which  falls  upon  the  tendinous  expanfions  of 
the  ftraight  mufcles. 

It  agrees  remarkably  with  this,  that  new  born  children  move 
their  eyes  in  a  congruous  manner,  that  the  motions  are  chiefly 
to  the  right  and  left,  fcarce  upwards  and  downwards  at  all,  the 
eyelids  being  feldom  fo  much  opened  as  to  expofe  the  tendinous 
expanfions  of  the  attollens  and  deprimens,  and  that  their  eyes  are 
frequently  turned  towards  luminous  objedts,  fuch  as  a  candle, 
or  a  window.* 

As  the  two  oblique  mufcles  neither  have  tendinous  expanfions 
expofed  to  the  light,  nor  adhere  to  the  globe  of  the  eye,  except 
juft  at  their  infertion,  they  cannot  be  under  either  of  the  influ¬ 
ences  here  fuppofed  toaffedt  theiiraight  mufcles,  but  mult  be  fub- 
jedt  chiefly  to  thofe  which  defcend  from  the  brain,  thus  adling 
almofl  uniformly,  unlefs  in  particular  agitations  of  the  whole  ner¬ 
vous  fyflem.  And  this  agrees  well  with  the  fadt,  and  with  the  ufes 
generally  afligned  to  thefe  mufcles,  viz.  thofe  of  keeping  the 
eye  in  a  moderate  fufpenfion  always,  and  drawing  it  out  on  emi¬ 
nent  occafions. 

The  circumflances  which  occafion  fquinting  in  young  child¬ 
ren  agree  well  with  the  theory  here  propofed.  Thus,  if  a  child 
be  laid  fo  into  his  cradle,  as  that  one  eye  fhall  be  covered,  the 
external  influences  of  light  cannot  operate  upon  it.  And  if  this 
be  often  repeated,  efpecially  while  the  aflociation,  which  con- 

#  Obfervations  on  Man,  Vol.  1,  p.  215. 
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firms  the  congruity  of  the  motions,  is  weak,  the  eye  which  is 
covered  will  obey  the  influences  which  defcend  from  the  brain, 
and  turn  upwards  and  inwards  for  the  moft  part.* 


CHAPTER  IV. 

\  f:  :  .  ZMlJ'L  . 


Miscellaneous  affections  of  the  eye. 


DR.  Jurin’s  obfervations  on  the  changes  that  are  made  in  the 
eye  by  age  are  very  curious,  and  well  deferve  a  place  in 
this  feCtion,  of  mifcellaneous  affections  of  the  eye.  In  the  eyes, 
he  obferves,  as  well  as  in  all  other  parts  of  the  body,  the  mufcles, 
by  conftant  exercife,  are  enabled  to  contract  with  more  ftrength, 
with  more  eafe,  and  to  a  greater  degree,  and  that  thefe  powers  are 
loft  by  a  difufe  of  exercife.  Alfo  the  elaftic  parts  of  the  eye,  like 
thofe  of  the  reft  of  the  body,  if  they  be  often  and  long  kept  in 
tenfion,  by  degrees  lofe  fomething  of  their  elafticity  j  and  if  they 

1 

are  feldom  exercifed,  they  alfo  grow  ftiff,  and  are  not  fo  eafily 
diftended. 

Thefe  caufes,  he  fays,  will  account  for  thofe  changes  of  the 
eye  which  habit  and  cuftom  introduce.  For  this  reafon  perfons 

*  Hartley’s  Qbfervations  on  Man,  Yol.  1,  p.  217. 
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who  are  much  accuftomed  to  view  remote  objects  fee  better  at 
great  diftances  than  other  people,  as  is  often  the  cafe  with  tra¬ 
vellers,  failors,  fportfmen,  &c. 

On  the  other  hand,  perfons  who  are  much  accuftomed  to  view 
objeds  at  fmall  diftances,  as  ftudents  in  general,  watchmakers, 
engravers,  painters  in  miniature,  &c.  fee  better  at  fmall  diftances, 
and  not  fo  well  at  great  diftances,  as  the  reft  of  mankind. 

In  children  the  pupil  is  ufually  more  dilated  than  in  grown 
perfons.  The  reafon  of  this  he  apprehends  to  be,  that  in  chil¬ 
dren  the  cornea  is  extremely  flexible,  fo  as  to  be  very  eafily  bent 
by  its  mufcular  ring  into  any  curvature  that  is  neceftary  for  feeing 
diftindly  in  reading,  and  confequently  their  pupil  has  lefs  occa- 
fion  to  contract  for  diftind  vilion.  But  in  grown  perfons  the 
cornea  is  ftiffer,  fo  that  they  have  more  occaflon  to  contract  the 
pupil ;  and  in  elderly  perfons  the  cornea  grows  ftill  more  rigid, 
fo  that  they  can  hardly  read  without  fpedacles,  unlefs  the  print 
be  very  large,  or  the  light  be  very  ftrong,  fo  as  to  caufe  a  great 
contraction  of  the  pupil.  It  is  for  this  reafon  that  they  are 
obliged  to  hold  the  candle  between  their  eye  and  the  paper  on 
which  they  read and  their  doing  fo  is  a  certain  ftgn  that  they 
begin  to  want  fpedacles: 

Children  read  much  nearer  than  grown  perfons,  both,  as  our 
author  obferves,  becaufe  their  eye  is  fmaller,  and  becaufe  their 
cornea  is  more  flexible  •,  and  the  leaft  diftance  at  which  any  eye 
can  fee  diftindly  is  proportional  to  the  length  of  the  eye. 

Elderly  perfons  fee  better  at  a  great  diftance  than  younger  peo¬ 
ple.  The  fad  our  author  thinks  is  pretty  generally  acknowledg¬ 
ed,  but  if  it  be  queftioned  may  be  thus  examined.  Let  aperfon 
whofe  fight  for  near  objeds  is  impaired  by  age  obferve  the  moon 
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at  3  or  4  days  old,  and  take  notice  whether  the  illuminated  part 
appears  to  be  of  a  larger  diameter  than  the  dark  part,  and  how 
much  is  the  excefs ;  and  let  him  recoiled,  if  he  can,  what  was 
the  appearance  of  thofe  two  parts  of  the  moon  when  he  was  much 
younger.  Our  author  was  perfuaded  that  he  would  think  the 
excefs  of  the  light  part  above  the  dark  to  be  either  none  at  all,  or 
much  lefs  than  formerly.  This,  at  leaf!;,  was  his  own  cafe.  He 
well  remembered  that  formerly  the  diameter  of  the  light  part  of 
the  moon  much  exceeded  that  of  the  dark  part,  whereas,  at  the 
time  that  he  wrote,  the  limbs  of  thofe  two  parts  appeared  nearly 
to  unite  in  the  fame  circle. 

The  cornea,  he  obferves,  being  of  a  rarer  texture,  and  more 
expofed  to  the  air,  will,  in  length  of  time,  fhrink  a  little  more 
than  the  fclcrotica,  and  by  that  means  grow  a  little  flatter  than 
it  was  before,  and  therefore  old  people  do  not  fee  fo  well  at  fmall 
distances  as  younger  perfons  ;  and  this,  together  with  the  rigidity 
of  the  cornea,  may  carry  out  the  neareft  limit  of  perfed  vifion 
from  3  or  4  inches,  as  in  children,  and  from  about  5  or  6  inches 
in  young  adult  perfons  to  20,  30,  or  40  inches,  or  a  greater 
diftance.  And  in  this  cafe  the  eye  has  no  afliftance  in  viewing 
near  objeds,  but  only  from  the  contradion  of  the  pupil,  and 
this  is  not  fufficient  for  diftind  vifion,  unlefs  in  a  ftrong  light. 

Our  author  concludes  thefe  remarks  with  obferving,  that  as 
the  juices  of  grown  animals  are  ftronger,  and  more  loaded  with 
animal  falts  and  oils  than  thofe  of  younger  ones,  it  is  probable 
that  the  refradion  of  the  coats  and  humours  of  the  eye  becomes 
fomething  greater  as  we  advance  in  age,  than  when  we  are  chil¬ 
dren.  For  all  fulphureous  fubflances  refrad  more  ftrongly  cceteris 
paribus ,  than  others,  and  M.  Petit  obferves  that  the  cryftalline 
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humour,  which  is  at  firft  perfectly  colourlefs,  has,  in  adult  per- 
fons,  a  yellowilh  tinge,  which  grows  ftronger  as  they  advance 
in  years.  The  gradual  increale  of  this  yellowilh  tinge,  and  the 
increaling  refraction  which  depends  upon  it,  our  author  fup- 
pofes,  may,  in  fome  meafure,  counteract  the  increaling  ItifFnefs 
and  flatnefs  of  the  cornea ;  and  that  otherwife  we  Ihould  grow 
long  lighted,  and  want  lpeCtacles  fooner  than  we  do.* 

M.  iEpinus  obferves,  that  from  his  infancy  his  eyes  were  fub- 
jeCt  to  be  alfeCted  in  a  very  particular  manner,  for  when  ever  he 
looked  upon  any  white  objeCt,  it  had  the  appearance  of  fome- 
thing  refembling  tranfparent  threads,  very  much  entangled  with 
one  another,  and  having  little  knots  in  them.  Alfo,  among 
thele  were  a  kind  of  nebulous  round  fpots.  The  feat  of  this 
difeafe  he  feems  pretty  clearly  to  prove  to  have  been  in  the  vitre¬ 
ous  humour. §  But  as  this  affeCtion  of  the  eye  does  not  appear 
to  be  common,  I  lhall  be  excufed  in  not  reciting  his  very  parti¬ 
cular  oblervations  and  reafoning  upon  it. 

In  this  chapter  I  lhall  introduce  fuch  obfervations  as  I  have 
met  with,  relating  to  the  varieties  of  vilionwith  one  or  two  eyes. 

It  was  the  opinion  of  Sir  Ifaac  Newton  and  others,  that  ob¬ 
jects  appear  lingle  becaufe  the  two  optic  nerves  unite  before  they 
reach  the  brain.  But  Dr.  Porterfield  Ihews,  from  the  obferva- 
tion  of  feveral  anatomifls,  that  the  optic  nerves  do  not  mix,  or 
confound  their  fubfiance,  being  only  united  by  a  clofe  cohefion ; 
and  objeCts  have  appeared  fingle  where  the  optic  nerves  were 
found  to  be  disjoined. -f* 

Dr.  Briggs  fuppofed  that  fingle  vifion  was  owing  to  the  equal 
tenfion  of  the  correfponding  parts  of  the  optic  nerves,  whereby 


# 
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they  vibrated,  in  a  fynchronous  manner.  Bat,  befides  feveral 
improbable  circumftances  in  this  account.  Dr.  Porterfield  fiiews 
that  fads  do  by  no  means  favour  it. 

To  account  for  this  phenomenon,  this  ingenious  writer  fup- 
pofes  that,  by  an  original  law  in  our  natures,  we  imagine  objeds 
to  be  fituated  fomewhere  in  a  right  line  drawn  from  the  pidure 
of  it  upon  the  retina,  through  the  center  of  the  pupil.  Confe- 
quently,  the  fame  objed  appearing  to  both  eyes  to  be  in  the 
fame  place,  the  mind  cannot  diftinguifh  it  into  two.  In  anfwer 
to  an  objedion  to  this  hypothefis,  from  objeds  appearing  double 
when  one  eye  is  diftorted,  he  fays  the  mind  miftakes  the  pofition 
of  the  eye,  imagining  that  it  had  moved  in  a  manner  corref- 
ponding  to  the  other,  in  which  cafe  the  conclufion  would  have 
been  juft.  In  this  he  feems  to  have  recourfe  to  the  power  of  ha¬ 
bit,  though  in  words  he  difclaims  that  hypothefis. 

This  principle  however,  has  generally  been  thought  to  be  fuf- 
ficient  to  account  for  this  appearance.  Originally,  every  objed 
making  two  pidures,  one  in  each  eye,  is  imagined  to  be  double; 
but,  by  degrees,  we  find  that  when  two  correfponding  parts  of 
the  retina  are  imprefied,  the  objed  is  but  one ;  but  if  thofe  cor¬ 
refponding  parts  be  changed,  by  the  diftortion  of  one  of  the  eyes, 
the  objed  muft  again  appear  double  as  at  the  firft.  This  feems 
to  be  verified  by  Mr.  Chefelden,  who  informs  us  that  a  gentle¬ 
man  who,  from  a  blow  on  his  head  had  one  eye  diftorted,  found 
every  objed  to  appear  double ;  but  by  degrees  the  moft  familiar 
ones  came  to  appear  fingle  again,  and  in  time  all  objeds  did  fo, 
without  any  amendment  of  the  diftortion.*  A  cafe  fimilar  to 
this  is  mentioned  by  Dr.  Smith. § 

*  Porterfield  on  the  Eye,  Vol.  z,  p.  315.  §  Opticks  Remarks,  p.  31. 
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2)n  the  other  hand  Dr.  Reid  is  of  opinion,  that  the  correfpon- 
dence  of  the  centers  of  the  two  eyes,  on  which  fingle  vifion  de¬ 
pends,  does  not  arife  from  cuftom,  but  from  fome  natural  conftir 
tution  of  the  eye  and  of  the  mind.  He  makes  feveral  juft  ob¬ 
jections  to  the  cafe  of  Mr.  Fofter,  recited  by  Dr.  Smith  and  o- 
thers,  and  thinks  that  the  cafe  of  the  young  man  couched  by 
Chefelden,  who  faw  fingly  with  both  eyes,  immediately  upon 
receiving  his  fight,  is  nearly  decifive  in  proof  of  his  fuppofition. 
He  alfo  found  that  three  younggentlemen,  whom  he  endeavoured 
to  cure  of  fquinting,  faw  objeCts  fingly,  as  foon  as  ever  they 
were  brought  to  direCt  the  centers  of  both  their  eyes  to  the  fame 
objeCt,  though  they  had  never  been  ufed  to  do  fo  from  their  in¬ 
fancy  ;  and  he  obferves  that  there  are  cafes,  in  which,  notwith- 
flanding  the  fulleft  conviction  of  an  objeCt  being  fingle,  no  prac¬ 
tice  of  looking  at  it  will  ever  make  it  appear  fo,  as  when  it  is  feen 
through  a  multiplying  glafs.  * 

We  are  indebted  to  Dr.  Jurin  for  the  following  curious  expe¬ 
riments  to  determine  whether  an  objeCt  feen  by  both  eyes  appears 
brighter  than  when  feen  with  one  only. 

He  laid  a  flip  of  clean  white  paper  direCtly  before  him  on  a  ta¬ 
ble,  and  applying  the  fide  of  a  book  clofe  to  his  right  temple,  fo 
as  that  the  book  was  advanced  confiderably  more  forward  than  his 
face,  he  held  it  in  fuch  a  manner,  as  to  hide  from  his  right  eye 
that  half  of  the  paper  which  lay  to  his  left  hand,  while  the  left 
half  of  the  paper  was  feen  by  both  eyes,  without  any  impediment. 

Then,  looking  at  the  paper  with  both  eyes,  he  obferved  it  to 
be  divided,  from  the  top  to  the  bottom,  by  a  dark  line,  and  the 
part  which  was  feen  with  one  eye  only  was  manifeflly  darker  than 


*  Inquiry,  p.  267. 
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that  which  was  feen  with  "both  eyes;  and,  applying  the  book  to 
his  left  temple,  he  found,  by  the  refult  of  the  experiment,  that 
both  his  eyes  were  of  equal  goodnefs. 

He  then  endeavoured  to  find  to  what  degree  this  excefs  of 
brightnefs  amounted ;  and  comparing  it  with  the  appearance  of 
an  objedt  illuminated  partly  by  one  candle  and  partly  by  two,  he 
was  furprifed  to  find  that  an  objedl  feen  with  both  eyes  is  by  no 
means  twice  as  luminous  as  when  it  is  feen  with  one  only ;  and 
after  a  number  of  trials,  by  which  he  made  the  proportion  lefs 
and  lefs  continually,  he  found  that  when  one  paper  was  illumi¬ 
nated  by  a  candle  placed  at  the  diftance  of  3  feet,  and  another 
paper  by  the  fame  candle  at  the  fame  difiance,  and  by  another  can¬ 
dle,  at  the  difiance  of  1 1  feet,  the  former  feen  by  both  eyes,  and 
the  latter  with  one  eye  only,  appeared  to  be  of  equal  whitenefs  ; 
fo  that  an  objedt  feen  with  both  eyes  appears  brighter  than  when 
it  is  feen  with  one  only  by  about  a  13th  part.  But  he  acknow¬ 
ledges  that  it  is  difficult  to  make  this  experiment  exadtly.  * 

He  then  proceeded  to  inquire  whether  an  objedt  feen  with 
both  eyes  appears  any  thing  larger  than  when  feen  with  one  on¬ 
ly,  but  he  concluded  that  it  did  not,  except  on  account  of  fome 
particular  circumfiances,  as  in  the  cafe  of  the  binocular  telef- 
cope,  and  the  concave  fpeculum.-f* 

M.  Du  Tour  maintains  that  the  mind  attends  to  no  more  than 
the  image  made  in  one  eye  at  a  time,  and  produces  feveral  cu¬ 
rious  experiments  in  favour  of  this  hypothefis ;  but,  as  M.  Buf- 
fon  obferves,  it  is  a  fufficient  anfwer  to  this  hypothefis,  how  in- 
genioufly  foever  it  may  be  fupported,  that  we  fee  more  difiindtly 
with  two  eyes  than  one;  and  that  when  a  round  objedt  is  near 

*  Smith’s  Opticks,  Remarks,  p.  107.  f  lb.  p.  109. 
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us  we  plainly  fee  more  of  the  furface  in  one  cafe  than  in  the  o- 
ther.  There  are,  alfo,  other  fadts,  which  clearly  prove  the  con¬ 
trary  of  w’hat  is  maintained  by  M.  Du  Tour.  *  However,  a£ 
there  is  fomething  in  M.  Du  Tour’s  experiments  that  may  excite 
the  attention  of  the  curious,  I  fliall  recite  fome  of  the  principal 
of  them.  Upon  one  fide  of  a  fheet  of  pafteboard  he  glued  a  cir¬ 
cle  of  blue  taffeta,  an  inch  in  diameter,  and  on  the  other  fide  ex¬ 
actly  oppofite  to  it  another  circle  of  yellow  taffeta,  of  the  fame 
diameter.  This  pafteboard  he  held  vertically  before  his  nofe,  in 
fuch  a  manner,  that  with  his  right  eye  he  could  only  perceive  the 
blue  circle,  and  with  his  left  the  yellow.  In  this  fituation, 
when  both  his  eyes  were  open,  the  fpot  never  appeared  green,  as 
it  would  have  done  by  a  mixture  of  the  two  colours ;  but  always 
either  blue  or  yellow,  as  the  impreflion  made  upon  his  eye  by 
the  one  or  the  other  colour  happened  to  be  the  ftronger.  And 
fometimes  the  circle  appeared  partly  blue  and  partly  yellow,  pro¬ 
bably  becaufe  one  part  of  the  circle  might  be  more  advantage- 
oufly  fituated  with  refpedt  to  one  of  his  eyes  than  the  other. 
From  this  he  thought  it  might  be  concluded,  that  the  mind 
cannot  be  affedted  at  the  fame  time  by  two  correfponding  points 
of  two  images.^ 

As  this  experiment  requires  a  pofition  of  the  eye  that  is  rather 
painful,  the  fame  gentleman,  in  a  fubfequent  paper,  propofed 
another,  which  may  be  tried  with  more  eafe.  He  took  two 
circles  of  glafs,  an  inch  in  diameter,  one  blue,  and  the  other 
yellow,  through  which,  placed  together,  objects  appeared  green. 
Thefe  glaffes  he  fixed  in  a  tube  of  pafteboard,  black  on  the  in- 
fide,  three  or  four  inches  long,  and  of  the  fame  diameter  with 


*  Ac.  Par.  1743,  M.  p.  334. 
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the  glafles.  One  of  thefe  tubes  he  applied  to  his  right  eye,  and 
the  other  to  his  left ;  and  looking  through  them  on  a  piece  of 
white  paper,  at  four  or  five  feet  from  him,  it  always  appeared 
either  blue  or  yellow,  but  never  green.  He  alfo  fays,  that  if  a 
prifm  be  held  vertically  before  one  eye  only,  while  both  of  them 
are  open,  the  colours  of  the  refradted  light,  which  falls  upon 
one  eye,  wTill  not  mix  with  the  unrefradted  light  that  falls  upon 
the  other  eye,  but  the  objedts  are  thofe  the  images  of  which  are 

i 

painted  in  one  eye  only.  Sometimes  indeed  they  are  mixed,  but 
never  confufed.* 

Laftly,  in  an  appendix  to  another  paper,  he  mentions  a  very 
fimple  experiment,  but  which  he  thinks  decifive  in  favour  of 
his  dodtrine,  viz.  that  of  two  images  of  an  objedt,  the  mind  is  af- 
fedted  only  by  one  of  them  at  the  fame  time.  If  two  round 
holes,  12  or  15  lines  in  diameter,  feparated  by  an  interval  of 
four  or  five  lines,  be  made  in  a  fheet  of  white  paper,  and  the 
edges  of  one  of  the  holes  be  painted  red,  and  the  other  white, 
a  perfon  ftanding  at  the  diftance  of  4  or  5  feet  from  an  objedl, 
of  a  middling  fize,  with  this  fheet  of  paper  held  in  fuch  a  man¬ 
ner,  that  to  one  of  his  eyes  the  objedt  fhall  appear  in  the  center 
of  the  red  circle,  and  to  the  other  in  that  of  the  white,  it  will 
never  appear  in  both  the  circles  at  a  time,  though  both  of  them 
will  always  be  very  diftinguifhable  nor  will  it  appear  behind 
the  interval  that  feparates  them,  but  always  in  the  middle  of 
one  of  the  circles  only.§ 

With  refpedt  to  fingle  vifion  with  two  eyes.  Dr.  Hartley  ob- 
ferves,  that  it  deferves  particular  attention,  that  the  optic  nerves 
of  men,  and  fuch  other  animals  as  look  the  fame  way  with  both 

*  Memoires  Prefentes,  Vol.  4,  p.  499.  §  lb.  Vol.  5,  p.  677. 
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eyes,  unite  in  the  Sella  Turcica  in  a  ganglion,  or  little  brain,  as 
one  may  call  it,  peculiar  to  themfelves,  and  that  the  atiociations 
between  fynchronous  impretiions  on  the  two  retinas  mud:  be 
made  fooner,  and  cemented  ftronger  on  this  account ;  alfo  that 
they  ought  to  have  a  much  greater  power  over  one  another’s 
.images,  than  in  any  other  part  of  the  body.  And  thus  an  im- 
preflion  made  on  the  right  eye  alone,  by  a  tingle  object,  may 
propagate  itfelf  into  the  left,  and  there  raife  up  an  image  almoti: 
equal  in  vividnefs  to  itfelf;  and  confequently  when  we  fee  with 
one  eye  only,  we  may,  however,  have  pictures  in  both  eyes.* 

A  curious  deception  in  vifion,  ariting  from  the  ufe  of  both 
eyes,  was  obferved  and  accounted  for  by  Dr.  Smith.  It  is  a 
common  obfervation,  he  fays,  that  objects  feen  with  both  eyes 
appear  more  vivid,  and  Wronger  than  they  do  to  a  tingle  eye,  e- 
fpecially  when  both  of  them  are  equally  good.  A  perfon  not 
fhort-fighted  may  loon  be  convinced  of  this  fa£t  by  looking  at¬ 
tentively  at  objects  that  are  pretty  remote,  firti:  with  one  eye,  and 
then  with  both.  This  obfervation  gave  occation  to  the  conftruc- 
tion  of  the  binocular  telefcope,  in  the  ufe  of  which  the  pheno¬ 
menon  is  ftill  more  tiriking. 

Betides  this,  our  author  obferves,  that  there  is  another  phe¬ 
nomenon  obfervable  with  this  inftrument,  which  is  very  remark¬ 
able.  In  the  foci  of  the  two  telefcopes  there  are  two  equal 
rings,  as  ufual,  which  terminate  the  pictures  of  the  objects  there 
formed,  and  confequently  the  vitible  area  of  the  objects  them¬ 
felves.  Thefe  equal  rings,  by  reafon  of  the  equal  eye  glaties, 
appear  equal,  and  equally  diftant  when  feen  feparately  by  each 
eye  5  but  when  they  are  feen  with  both  eyes,  they  appear  much 

f  Hartley’s  Obfervations  on  Man,  Vol.  1.  p.  207. 
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larger,  and  more  diflant  alfo  ;  and  the  objects  feen  through  them 
do  alfo  appear  much  larger,  though  circumfcribed  by  their  unit¬ 
ed  rings,  in  the  fame  places  as  when  they  were  feen  feparately. 

Endeavouring  to  explain  this  odd  appearance,  he  obferved  ano¬ 
ther  fbill  more  furprifing.  Having  opened  the  points  of  a  pair 
of  compares  fomewhat  wider  than  the  interval  of  his  eyes,  with 
his  arm  extended,  he  held  the  head  or  joint  in  his  hand,  with 
the  points  outwards,  and  equidiflant  from  his  eyes,  a  little  high¬ 
er  than  the  joint.  Then  fixing  his  eyes  on  a  remote  objedt,  ly¬ 
ing  in  the  line  that  bifedted  the  intervals  of  the  points,  he  firft 
perceived  two  pairs  of  compaffes,  each  leg  being  doubled,  with 
their  inner  legs  crofting  each  other.  But,  by  comprefling  the 
legs  with  his  hand,  the  two  inner  points  came  nearer  to  each 
other,  and  when  they  united,  the  two  inner  legs  alfo  intirely 
coincided,  and  bifecled  the  angle  under  the  outward  ones ;  and 
they  appeared  more  vivid,  thicker,  and  longer,  fo  as  to  reach 
from  his  hand  to  the  remotefl  object  in  view,  even  in  the  hori¬ 
zon  itfelf.  This  appearance  continued  the  fame,  to  whatever 
collateral  objects  he  directed  his  eyes,  nor  would  it  vanifh  by  va- 
rioufly  inclining  the  plane  of  the  legs  to  the  horizon,  or  by  any 
other  means  than  looking  diredtly  at  them. 

The  like  appearance,  he  fays,  will  happen  when  two  equal 
round  flices  of  cork,  or  any  two  equal  furfaces,  are  ftuck  upon 
the  points  of  the  compaffes.  In  fig.  151,  the  points  of  the  com- 
paffes  are  ab ,  the  head  or  joint  c,  the  eyes  of  the  obferver  dy  and 
e ,  the  imaginary  leg  c f,  bifedting  the  angle  acb. 

The  reafon  of  the  phenomenon  he  apprehended  to  be  this. 
By  fhutting  the  eyes  dye ,  alternately,  it  will  be  evident,  he  fays, 
that  the  points  d,  a,f  are  in  one  flraight  line,  and  the  points  e>  by 
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f  in  another ;  and  fo  the  reafon  of  the  apparent  union  of  the 
points  a  and  b ,  at  the  objedty,  is  becaufe  their  pictures  are  up¬ 
on  the  fame  points  of  the  retina  as  thofe  of  the  object  itfelf. 
For  the  fame  reafon,  while  the  legs  of  the  compaffes  are  gradu¬ 
ally  compreffed,  if  the  eye  be  kept  fixed  upon  the  imaginary 
point  of  the  united  legs,  this  point  will  appear  to  approach" gra¬ 
dually;  which  fhews  why  any  two  points  of  the  legs,  as  g  and 
h,  equidiftant  from  the  extremes,  appear  nearer  and  nearer  to 
the  eyes,  as  they  lie  nearer  and  nearer  to  the  head  of  the 
compares.* 

The  fame  writer  obferves,  that  the  phenomenon  of  the  en¬ 
larged  circle  of  the  vifible  area  in  the  binocular  telefcope,  may 
be  leen  very  plainly  in  looking  at  diifant  objects  through  a  pair 
of  ipedtacles,  removed  from  the  eyes  about  4  or  5  inches,  and 
held  fteady  at  that  diftance.  The  two  innermofi:  of  the  4  ap¬ 
parent  rings,  which  hold  the  glafies,  will  then  appear  united  in 
one  larger,  and  more  difiant  ring,  than  the  two  outermoft,  which 
will  hardly  be  vifible,  unlefs  the  fpedlacles  be  farther  removed.  § 

Dr.  Jurin,  holding  a  book  pretty  clofe  to  his  eye,  when  it  was 
illuminated  by  a  candle,  and  he  was  directing  his  eyes  towards 
the  cieling  of  the  room  beyond  them,  part  of  wThich  he  could 
fee  wdth  one  eye,  part  with  the  other,  and  part  with  both,  while 
he  was  amufing  himfelf  wdth  obferving  the  different  fhadows 
they  formed,  was  flruck  with  the  appearance  of  the  middle  and 
darkefl  part  of  the  fhadow  feeming  to  be  in  the  form  of  a  folid 
pyramid,  which  extended  itfelf  towards  any  objedt  to  which  his 
eyes  were  diredted.  Having  particularly  defcribed  the  appear¬ 
ance,  he  conliders  minutely  every  part  of  it,  and  endeavours  to 

*  Smith’s  Opticks,  Vol.  2,  p.  387.  §  lb.  Remarks,  p.  107. 
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account  for  it.*  This  phenomenon  feems  to  refemble  what  Dr. 
Smith  obferved,  with  refped:  to  the  compafles  above  mentioned. 

A  curious  circumflance  relating  to  the  effiedl  of  one  eye  upon 
the  other,  was  noticed  by  M.  /Epinus,  who  obferved  that,  when 
he  was  looking  through  a  hole  made  in  a  plate  of  metal,  about 
the  tenth  part  of  a  line  in  diameter  with  his  left  eye,  both  the 
hole  itfelf  appeared  larger,  and  alfo  the  field  of  view  feen  through 
it  was  more  extended,  whenever  he  fhut  his  right  eye  3  and  both 
thefe  effects  were  more  remarkable,  when  that  eye  was  covered 
with  his  hand.  He  found  confiderable  difficulty  in  meafuring 
this  augmentation  of  the  apparent  diameter  of  the  hole,  and 
of  the  field  of  view  3  but  at  length  he  found  that,  when  the 
hole  was  half  an  inch,  and  the  tablet  which  he  viewed  through 
it  was  three  feet  from  his  eye,  if  the  diameter  of  the  field,  when 
both  his  eyes  were  open,  was  1,  it  became  ii  when  the  other 
eye  was  fhut,  and  nearly  2  when  his  hand  was  laid  upon  it. 

Upon  examining  this  phenomenon,  it  prefently  appeared  to 
depend  upon  the  enlargement  of  the  pupil  of  one  eye,  when  the 
other  is  clofed,  the  phyfical  or  anatomical  caufe  of  which  he  did 
not  pretend  to  affign  3  but  he  obferves  that  it  is  wfifely  appointed 
by  divine  providence,  in  order  that,  when  one  eye  fails,  the  field 
of  view  in  the  other  may  be  extended.  That  this  eftedl  fhould 
be  more  fenfible  when  the  eye  is  covered  with  the  hand  is  ow¬ 
ing,  he  obferves,  to  the  eye  lids  not  being  impervious  to  the 
light. -f*  But  the  enlargement  of  the  pupil  does  not  enlarge  the 
field  of  viewr,  except  in  looking  through  a  hole,  as  in  this  par¬ 
ticular  cafe 3  and  therefore  perfons  who  are  blind  of  one  eye  can 
derive  no  advantage  from  this  circumflance.  Before  we  applaud 

#  See  Smith’s  Opticks,  Remarks  p.  109.  f  Nov.  Com.  Petrop.  Vol.  7,  p.  303. 

the 


Sec.  XII. 


T  H  E  E  Y  E. 


673 

the  wifdom  of  providence,  in  any  part  of  the  conflitution  of 
nature,  we  fhould  be  very  fare  that  we  do  not  miflake  concern¬ 
ing  the  offers  of  that  conflitution. 

A  great  deal  has  been  written  by  Gaffendi,  Le  Clerc,  Muf- 
chenbroeck,  and  Du  Tour,  concerning  the  place  to  which  we 
refer  an  object  viewed  by  one  or  both  eyes.  But  I  do  not  think 
the  fubjed  of  confequence  enough  to  recite  what  they  have  ad¬ 
vanced.  Any  perfon  may  prefently  fatisfy  himfelf  with  refped 
to  every  thing  belonging  to  this  circumflance,  either  by  experi¬ 
ment,  holding  his  finger  before  his  eyes,  and  looking  at  it  and  an 
objed  beyond  it,  or  by  figures,  in  which  lines  reprefenting  the 

optic  axes  may  be  made  to  crofs  one  another  at  different  diflances 

✓ 

from  the  eye.  Thofe  who  would  chufe  to  fee  what  has  been 
written  on  this  fubjed,  I  refer  to  a  paper  of  M.  Du  Tour,  in 
the  Memoir es  Prefentes ,  Vol.  3,  p.  514,  and  to  the  authors 
which  he  there  quotes. 


CHAPTER  V. 


Observations  on  DISTINCT  and  INDISTINCT  VISION. 


NO  philofopher  has  taken  fo  much  pains  with  the  theory 
of  dijlinB  and  indiftinft  vifion,  or  has  fo  happily  ex¬ 
plained  a  great  number  of  cafes  relating  to  it,  as  Dr.  Jurin  in  his 
Effay  on  this  fubjed,  pnbhfhed  at  the  end  of  Dr.  Smith’s 

Opticks. 
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He  fhews  that  objects  may  be  feen  with  fufficient  diftindtnefs, 
though  the  pencils  of  rays  iftuing  from  the  points  of  them  do 
not  unite  precifely  in  another  point  on  the  retina ;  but  that, 
fince,  in  this  cafe,  pencils  from  every  point  either  meet  before 
they  reach  the  retina,  or  tend  to  meet  beyond  it,  the  light  that 
comes  from  them  muft  cover  a  circular  fpot  upon  it,  and  will, 
therefore,  paint  the  image  larger  than  perfect  vifion  would  re- 
prefent  it.  It  follows  from  hence,  that  every  objedl  placed  ei¬ 
ther  too  near  or  too  remote  for  perfect  vifion,  will  appear  larger 
than  it  is,  by  a  penumbra  of  light,  caufed  by  the  circular  fpaces, 
■which  are  illuminated  by  pencils  of  rays  proceeding  from  the 
extremities  of  the  object.  All  the  varieties  occafioned  by  this 
circmnftance,  our  author  traces  with  great  accuracy,  and  he  ap¬ 
plies  his  obfervations  upon  it  to  the  explanation  of  many  pheno¬ 
mena  in  vifion. 

Upon  this  principle  he  fhews,  that  in  the  new  moon  of  three 
or  four  days  old,  the  illuminated  part  muft  appear  too  broad  in 
proportion  to  the  obfcure  part,  and  muft,  likewife,  feem  to  ex¬ 
tend  more  outwards,  or  to  have  a  greater  diameter  than  the  ob¬ 
fcure  part.  For,  in  fig.  152,  if  CABDE  reprefent  the  true 
image  of  the  whole  moon,  ABDIA  the  true  image  of  the  en¬ 
lightened  part,  and  AIDEA  the  true  image  of  the  obfcure  part, 
FGH  will  be  the  outer  edge  of  the  annular  penumbra  of  the 
whole  moon,  and  LGMKL  the  whole  appearance  of  the  en¬ 
lightened  part  confifting  of  the  true  image,  and  the  penumbra 
added  to  it.  In  this  cafe,  the  whole  appearance  of  the  illumi¬ 
nated  part  is  manifeftly  too  broad,  in  proportion  to  the  obfcure 
part,  fince  to  the  true  image  of  the  illuminated  part  is  added, 
not  only  the  annular  penumbra  on  the  outfide,  but  alfo  another 

equal 
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equal  to  it  on  the  infide  whereas  the  obfcure  part  is  leffened  by 
the  fpace  which  this  lad:  penumbra  takes  up.  For  a  fimilar  rea- 
fon,  the  light  of  the  obfcure  part  diminishes  outwards,  efpecially 
where  it  is  contiguous  to  the  Stronger  light  of  the  cufps.  Con- 
fequently,  it  mud:  appear  of  a  lefs  diameter  than  the  illuminated 
part.  For  the  fame  reafon,  in  an  eclipfe  of  the  fun  or  moon, 
the  bright  part  mud:  appear  too  broad  in  proportion  to  the  dark 
part,  which  will  make  the  eclipfe  appear  lefs  than  it. really  is. 

That  this  effed  arifes  from  the  caufe  here  adigned,  and  not 
from  the  principle  that  has  fometimes  been  made  ufe  of  to  ac¬ 
count  for  fuch  like  phenomena,  viz.  that  a  light  objed  affeds  the 
retina  to  a  greater  didance  than  a  dark  one,  our  author  fays,  will 
plainly  appear  from  the  following  experiment.  Let  a  reprefen- 
tation  of  the  new  moon,  fig.  153,  or  the  circle,  fig.  154,  half 
black  and  half  white,  be  viewed  at  a  didance  proper  for  perfect 
vidon,  and  the  two  figures  will  appear  in  their  jud  proportion ; 
but  if  they  be  viewed  at  a  didance  too  fmall  or  too  remote  for 
perfed  vidon,  which  may  eadly  be  done  by  the  help  of  glades, 
in  both  cafes  the  white  part  will  entrench  on  the  dark  part,  and 
alfo  extend  outwards  beyond  it.  To  make  this  experiment  Suc¬ 
ceed  clearly,  the  dgure  mud  not  be  bounded  with  a  black  line, 
as  is  here  reprefented,  but  the  whole  circle  mud  be  cut  in  white 
paper,  the  dark  part  blackened  with  ink,  and  the  paper  laid  up¬ 
on  a  black  ground. 

The  other  planets,  which,  by  reafon  of  their  greater  didance> 
appear  much  fmaller  than  the  moon.  Dr.  Jurin  obferves,  will  ap¬ 
pear  fainter,  but  much  larger  by  indidind  than  by  perfed  vidon, 
and  their  diameters  will  appear  enlarged  in  a  much  greater,  pro¬ 
portion  than  that  of  the  moon.  By  this  njeans,  he  fays,  we 
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may  account  for  the  radii  adventitii ,  which  Mr.  Horrox  fays  im- 
pofed  fo  far  upon  all  the  aftronomers  before  him,  as  to  make 
them  think  the  apparent  diameters  of  the  planets  nine  or  ten 
times  greater  than  they- really  are.* 

O11  account  of  thefe  luminous  penumbra ,  occafioned  by  the 
pencils  of  rays  from  remote  objects  occupying  a  circular  fpace 
on  the  retina,  it  is  evident  that  two  ftars  will  appear  to  be  nearer 
together  than  they  really  are  ;  and  if  they  be  very  near,  will  ap¬ 
pear  to  be  but  one,  but  brighter  than  either  of  them  taken  a- 
lone ;  becaufe  part  of  the  two  faint  images  will  coincide,  and 
in  that  place  will  be  nearly  twice  as  luminous  as  the  reft  of  the 
image,  fo  that  the  two  ftars  will  have  the  fame  appearance  as  if 
one  brighter  ftar  appeared  in  the  middle  of  the  fpace  occupied  by 
the  two  ftars.  For  the  fame  reafon,  a  ftar  approaching  very  near 
to  the  edge  of  a  planet,  may  appear  within  its  limb,  as  if  the 
planet  wvas  tranfparent,  and  the  other  was  feen  through  it  which 
accounts  for  fome  obfervations  of  aftronomers  to  that  purpofe, 
and  alfo  for  Mars  or  Venus,  &c.  appearing  within  the  limb  of  the 
moon.  The  fame  appearance  of  a  ftar  within  the  limb  of  the 
moon,  may  happen  to  a  perfon  who  obferves  with  a  telef- 
cope,  if  the  Inftrument  be  not  a  good  one,  or  if  the  eye  of  the 
obferver  have  hot  the  exadt  conformation  necelfary  for  perfedt 
vilion.-f* 

When  objedts  are  large,  they  will  appear  tolerably  diftindt  at 
a  much  lefs  diftance,  than  fmall  objedts,  becaufe  the  penumbrae 
will  not  interfere  fo  much.  For  this  reafon  a  large  print  may  be 
read  much  nearer  to  the  eye  than  a  fmall  one.  In  this  cafe  the 
former  will  appear  only  ill  defined,  but  fufilciently  diftindt,  when 

*  Effay,  p.  125,  f  ft'  P‘  ,25' 
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the  latter  is  quite  indidind,  the  penumbra  of  one  letter  inter¬ 
fering  with  that  of  another,  -  and  thereby  making  marks  altoge¬ 
ther  unlike  any  that  are  in  the  book.* 

I  muft  not  clofe  thefe  obfervations  of  Dr.  Jurin,  on  penum¬ 
bra,  without  obferving,  with  our  author  afterwards,  that  the 
dilperfed  light  in  this  cafe  is  of  different  denfities j  and  with 
Mr.  Robins,  who  makes  fome  fevere  but  judicious  remarks  on 
Dr.  Jurin,  that  the  whole  circle  made  by  the  confufed  image  of 
any  print,  will  be  proportioned  to  the  diameter  of  the  pupil  of 
the  eye,  which  limits  the  whole  pencil. 

The  fmalled  didance  of  perfed  vifion,  or  that  in  which  the 
rays  of  a  Angle  pencil  are  colleded  into  a  phyfical  point  on  the 
retina,  in  the  generality  of  eyes,  Dr.  Jurin,  from  a  number  of 
obfervations,  dates  at  5,  6,  or  7  inches.  The  greated  didance 
of  didind  vifion  he  found  to  be  more  difficult  to  determine  ■,  but 
by  confidering  the  proportion  of  all  the  parts  of  the  eye,  and  the 
refradive  power  of  each,  together  with  the  interval  that  may  be 
difcerned  between  two  dars  the  didance  of  which  is  known,  he 
fixes  it,  in  fome  cafes,  at  14  feet  5  inches,  though  Dr.  Porter- 
fi  eld  had  confined  it  to  27  inches  only,  with  refped  to  his 
own  eye.§  For  a  reafon  of  this  diderence  of  opinion,  and  a  ne- 
cefifary  remark  on  this  fubjed,  I  mud  refer  my  reader  to  a  note 
on  p.  650. 

When  vifion  is  indidind.  Dr.  Jurin  thinks  there  are  two  me¬ 
thods  of  rendering  it  didind.  One  is  for  the  eye  to  apply  the 
fame  power  whereby  it  conforms  itfelf  to  the  view  of  objeds 
placed  at  different  didances,  and  the  other  the  contradion  of  the 

*  Eflay,  p.  133.  f  Robins’s  Remarks,  p.  279.  §  lb.  p.  134. 
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pupil,  which  is  chiefly  made  ufe  of  in  a  flrong  light,  and  which 
will  fometimes  render  the  other  means  altogether  unneceflary.*  In 
a  weak  light,  he  fays,  the  pupil  is  fo  far  from  contracting,  that 
there  is  rather  a  neceflity  for  dilating  it,  to  take  in  more  light.  § 
But  upon  this  Dr  Whytt  obferves,  that,  in  the  fame  or  a  lefs  de¬ 
gree  of  light,  the  pupil  will  be  contracted,  in  order  to  view  a 
nearer  or  a  fmaller  objeCt.  Let  any  perfon,  fays  he,  with  his 
back  to  the  light,  firfl:  look  at  an  objeCt  of  a  lively  colour,  at  the 
diflance  of  three  or  four  feet  from  his  eyes,  and  afterwards  at  a 
dark  one,  at  the  diftance  of  a  foot,  and  the  pupil  will  be  obferv- 
ed  to  become  fen^ibly  narrower  when  he  looks  at  the  nearer  ob¬ 
ject,  though  the  quantity  of  light  reflected  from  it  be  lefs.J'* 

In  the  laft  part  of  his  Eflfay  Dr.  Jurin  difcufles  the  curious 
queftion  which  had  been  the  occaflon  of  a  debate  between  Dr. 
Hooke  and  Hevelius,  about  theleafl:  vifible  angle.  Dr.  Hooke 
aflerted  that  no  objeCt  could  well  be  feen  if  it  fubtended  an  an¬ 
gle  lefs  than  a  minute  ;  and  if  the  objeCt  be  round,  as  a  black 
circular  fpot  upon  a  white  ground,  or  a  white  circle  upon  a  black 
ground,  it  follows  from  an  experiment  made  by  Dr.  Smith,  that 
this  rule  is  near  the  truth ;  and  from  thence  he  calculates  that  the 
diameter  of  the  picture  of  fuch  leafl  viflble  point  upon  the  re¬ 
tina  is  the  8000th  part  of  an  inch,  which  he  therefore  calls  a  fen- 
flble  point  of  the  retina. J  On  the  other  hand  M.  Courtivron 
concluded,  from  his  experiments,  that  the  fmalleft  angle  of  vi- 
fion  is  40  feconds.  || 

Dr.  Jurin  enters  much  farther  into  this  curious  fubjeCt,  and 
fays,  that  there  are  cafes  in  which  a  much  lefs  angle  than  one 

*  Robins’s  Remarks,  p.  145.  §  lb.  f  Effay  on  Vital  and  Involuntary  Motions, 

p.  133,  t  Smith’s  Opticks,  Vql.  1,  p.  31.  ||  Ac.  Par.  1752,  H.  p.  zco. 
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minute  can  be  difcerried  by  the  eye  ;  and  in  order  to  throw  light 
upon  the  fubjed,  he  obferves  that,  in  order  to  our  perceiving  the 
im preffion  made  by  an  object  upon  any  of  our  fenf.es,  it  muft  ei¬ 
ther  be  of  a  certain  degree  of  force,  or  of  a  certain  degree  of 
magnitude. 

For  this  reafon,  a  ftar  which  appears  only  as  a  lucid  point 
through  a  telefcope,  not  fubtending  fo  much  as  an  angle  of  one 
fecond,  is  vifible  to  the  eye,  though  a  white  or  black  fpot  of  25 
or  30  feconds,  is  not  to  be  perceived.  Alfo  a  line,  of  the  fame 
breadth,  with  the  circular  fpot,  will  be  vifible  at  fuch  a  diftance 
as  the  fpot  is  not  to  be  perceived  at,  becaufe  the  quantity  of  im- 
preffion  from  the  line  is  greater  than  from  the  fpot,  and  a  longer 
line  is  vifible  at  a  greater  diftance  than  a  fhorter  line  of  the  fame 
breadth.  He  found  by  experiment  that  a  lilver  wire  could  be 
feen  when  it  fubtended  an  angle  of  3  f  feconds,  and  a  thread 
of  filk  when  it  fubtended  an  angle  of  2  k  feconds. 

This  greater  vifibility  of  a  line  than  of  a  fpot,  of  the  fame 
breadth,  within  the  limits  of  perfed  vifion,  feems  to  arife  only 
from  the  greater  quantity  of  the  impreflion  but  without  the 
limits  of  perfed  vifion,  our  author  obferves,  that  another  caufe 
concurs,  whereby  the  difference  of  vifibility  between  the  line 
and  the  fpot  is  rendered  much  more  confiderable.  For  the  im- 
preflion  upon  the  retina  made  by  the  line  is  then  not  only  much 
greater,  but  alfo  much  flronger  than  that  of  the  fpot ;  becaufe 
the  faint  image,  or  penumbra,  of  any  one  point  of  the  line, 
when  the  whole  is  placed  beyond  the  limits  of  diflind  vifion, 
will  fall  within  the  faint  image  of  the  next  point,  and  thereby 
much  increafe  the  light  that  comes  from  it.* 


*  Ac.  Par.  1752,  H.  p.  149. 
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In  fome  cafes  this  accurate  obferver  found  the  caufe  of  indif- 
tinft  vition  to  be  the  undeadinefs  of  the  eye,  as  our  being  able 
to  fee  a  lingle  black  line  upon  a  white  ground,  or  a  lingle  white 
line  upon  a  black  ground,  and  not  a  white  line  between  two 
black  ones  on  a  white  ground.  In  viewing  either  of  the  former 
objects,  if  the  eye  be  imperceptibly  moved,  all  the  effedt  will  be, 
that  the  objedt  will  be  painted  upon  a  different  part  of  the  re¬ 
tina  ;  but  wherever  it  is  painted,  there  will  be  but  one  pidture, 
lingle,  and  unconfounded  with  any  other.  But  in  viewing  the 
other,  if  the  eye  fluctuate  ever  fo  little,  the  image  of  one  or  other 
of  the  black  lines  will  be  fhifted  to  that  part  of  the  retina  which 
was  before  polfelfed  by  the  white  line,  and  this  mud  occalion 
fuch  a  dazzle  in  the  eye,  that  the  white  line  cannot  be  didindtly 
perceived,  and  didinguilhed  from  the  black  lines  ;  which,  by  a 
continual  fluctuation,  will  alternately  occupy  the  fpace  of  the 
white  line,  whence  mud  arife  an  appearance  of  one  broad  dark 
line,  without  any  manifed  feparation. 

By  trying  this  experiment  with  two  pins,  of  known  diameters, 
fet  in  a  window,  againd  the  fky  light,  with  a  fpace  between 
them  equal  in  breadth  to  one  of  the  pins,  he  found  that  the 
didance  between  the  pins  could  hardly  be  didinguiflied  when  it 
fubtended  an  angle  lefs  than  40  feconds,  though  one  of  the  pins 
alone  could  be  didinguidied  under  a  much  lefs  angle.  But 
though  a  fpace  between  two  pins  cannot  be  didinguilhed  by  the 
eye,  when  it  fubtends  a  lefs  angle  than  40  feconds,  it  would  be 
a  midake  to  think  that  the  eye  mud  neceffarily  commit  an  error 
of  40  feconds,  in  edimating  the  didance  between  two  pins, 
when  they  are  much  farther  from  one  another.  For  if  the 
fpace  between  them  fubtend  an  angle  of  one  minute,  and  each 
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of  the  pins  fubtend  an  angle  of  4  feconds,  which  is  greater 
than  the  lead:  angle  the  eye  can  didinguifh,  it  is  manifed  that 
the  eye  may  judge  of  the  place  of  each  pin  within  2  feconds  at 
the  mod:,  and  confequently  the  error  committed  in  taking  the 
angle  between  them  cannot  at  the  mod:  exceed  4  feconds,  pro¬ 
vided  the  indrument  be  fudiciently  exadt.  And  yet  upon  the 
like  midake,  he  fays,  was  founded  the  principal  objection  of 
Dr.  Hooke  againd  the  accuracy  of  the  celedial  obferyations  of 
Hevelius. 

A  black  fpot  upon  a  white  ground,  or  a  white  fpot  upon  a 
black  ground,  he  fays,  can  hardly  be  perceived  by  the  generality 
of  eyes,  when  it  fubtends  a  lefs  angle  than  one  minute.  And  if 
two  black  fpots  be  made  upon  white  paper,  with  a  fpace  be¬ 
tween  them,  equal  in  breadth  to  one  of  their  diameters,  that 
lpace  is  not  to  be  didinguifhed,  even  within  the  limits  of  per¬ 
fect  vilion,  under  fo  fmall  an  angle  as  a  fingle  fpot,  of  the  fame 
iize,  can  be  didinguifhed.  To  fee  the  two  fpots  diftindlly,  there¬ 
fore,  the  breadth  of  the  fpace  between  them  mud:  fubtend  an 
angle  of  more  than  a  minute.  It  would  be  very  difficult,  he 
fays,  to  make  this  experiment  accurately,  within  the  limits  of 
perfect  vidon ;  becaufe  the  objects  mud  be  extremely  fmall ; 
but  by  a  rude  trial,  made  with  fquare  bits  of  white  paper,  placed 
upon  a  black  ground,  he  judged  that  the  lead  angle  under  which 
the  interval  between  the  two  objects  could  be  perceived,  was  at 
lead  a  4th  part  greater  than  the  lead  angle  under  which  a  fingle 
objedt  can  be  perceived.  So  that  an  eye  which  cannot  perceive  a 
*  fingle  objedt  under  a  lefs  angle  than  one  minute,  will  not  perceive 
the  interval  between  two  fuch  objedts  under,  a  lefs  angle  than  75 
feconds. 
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Without  the  limits  of  perfect  vifion,  the  distance  at  which  a 

\ 

Tingle  objedt  ceafes  to  be  perceivable  will  be  much  greater,  in 
proportion,  than  the  diftance  at  which  a  fpace  of  equal  breadth 
between  two  fuch  objedts  ceafes  to  be  perceivable.  For  without 
thefe  limits,  the  image  of  each  of  the  objedts  will  be  attended 
with  a  penumbra,  and  the  penumbrae  of  the  two  near  objedts 
will  take  up  part  of  the  fpace  between  them,  and  thereby  ren¬ 
der  it  lefs  perceivable  ;  but  the  penumbra  will  add  to  the  breadth 
of  the  Angle  objedt,  and  will  thereby  make  it  more  perceivable, 
unlefs  its  image  be  very  faint.* 

Upon  the  fame  principles  he  likewife  accounts  for  the  radiation 
of  the  Jlars,  whereby  the  light  feems  to  projedt  from  them  diffe¬ 
rent  ways  at  the  fame  time.  § 

M.  Tobias  Mayer  made  many  experiments  in  order  to  afcer- 
tain  the  fmalleft  angle  of  vifion  in  a  variety  of  refpedts.  He  be¬ 
gan  with  obferving  at  what  diftance  a  black  fpot  was  vifible  on 
white  paper,  and  found  that,  when  it  could  barely  be  diftin- 
guifhed,  it  fubtended  an  angle  of  about  34  minutes.  When 
black  lines  were  difpofed  with  intervals  broader  than  themfelves, 
they  were  diftinguifhed  at  a  greater  diftance  than  they  could  be 
when  the  objedts  and  the  intervals  were  of  an  equal  breadth. 

In  all  thefe  cafes  it  made  no  difference  whether  the  objedts 
were  placed  in  the  fhade,  or  expofed  to  the  ftrong  light  of  the 
fun  but  when  the  degrees  of  light  were  fmall,  their  differences 
had  a  confiderable  effedl,  though  by  no  means  in  proportion  to 
the  differences  of  the  light.  For  if  an  objedt  was  illuminated  to 
fuch  a  degree  as  to  be  j  uft  vifible,  at  the  diftance  of  nine  feet,  it 
would  be  vifible  at  the  diftance  of  four  feet,  though  the  light 
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was  diminifhed  above  160  times.  It  appeared,  in  the  courfe  of 
thefe  experiments,  that  common  day-light  is,  at  a  medium,  e- 
qual  to  that  of  25  candles,  placed  at  the  diftance  of  one  foot 
from  the  object.* 

Another  cafe  of  indiftindt  vifion  Dr.  Jurin  endeavours  to  ex¬ 
plain,  but  it  muftbe  owned  very  injudicioufly,  by  Sir  Ifaac  New¬ 
ton’s  hypothecs  of  the  fits  of  eafy  reflexion  and  tranfmiflion. 
The  obfervation  was  firft  made  by  M.  De  la  Hire,  but  our  au¬ 
thor  contrived  to  make  the  appearance  much  more  remarkable, 
as  follows.  Take  a  parallel  ruler,  fays  he,  and  opening  it  to  a 
fmall  aperture,  hold  it  diredlly  before  your  eye,  fo  as  to  look  at 
the  Iky  light  through  it ;  if  the  diftance  at  which  you  hold  it  be 
the  neareft  at  which  you  can  fee  it  diftindtly,  the  aperture  will 
appear  as  one  luminous  line.  But  if  you  bring  the  ruler  nearer 
to  your  eye,  the  aperture  will  appear  double,  or  as  two  luminous 
lines  $  and  as  you  vary  the  aperture,  or  the  diftance  of  the  ruler 
from  your  eye,  you  will  fee  the  appearance  not  only  of  two, 
three,  four,  five,  &c.  luminous  and  dark  parallel  lines  alternate¬ 
ly,  but  of  a  greater  number  than  you  can  count,  efpecially  when 
you  look  through  the  aperture  at  the  flame  of  a  candle. 

The  parallel  ruler,  opened  to  a  fmall  aperture,  alfo  affords  the 
beft  means  of  trying  this  experiment  beyomd  the  bounds  of  diftindt 
vifion,  by  fetting  it  in  the  window  again  ft  the  fky  light,  and 
looking  at  it  through  a  convex  glafs,  if  a  perfon  be  long  flighted, 
or  with  the  naked  eye,  if  he  be  flhort  flighted.  For  then  there 
will  be  all  the  fame  appearances  of  a  multiplicity  of  images  as 
before,  “f* 


#  Com.  Gotting,  Vol.  4,  p.  97.  f  Effay,  p.  156. 
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Thefe  cafes  of  a  multiplicity  of  images  of  the  fame  objed 
feen  indiftindly,  as  well  as  others  fimilar  to  them,  mentioned 
by  Dr.  Jurin,  p.  166,  are  by  Mr.  Robins  afcribed  to  fome  cor¬ 
rugation  or  inequality  of  furface,.  to  which  that  part  in  the  eye 
which  is  changed  for  the  different  diftances  of  objects  is  fubied, 
in  its  extream  tenfion  either  way,  whereby  the  image  of  an  ob- 
jed,  looked  at  out  of  the  limits  of  diftind  vifion,  is  multiplied. 
From  this  multiplicity  of  images,  he  fays,  that  two  parallels,  as 
each  is  multiplied,  are  at  firft  feen  as  four  lines,  or  even  more  ; 
but  at  length  the  two  innermoft  unite  into  one ;  and  in  a  circle, 
by  a  more  multifarious  appearance,  a  fpot  in  the  center  is  in  one 
fituation,  produced  by  the  union  of  the  different  images  in  fome 
one  part.* 

It  is  true,  he  adds,  that  a  narrow  line  of  light,  fuch  as  the  in¬ 
terval  between  the  edges  of  a  parallel  ruler,  brought  very  near 
together,  will  appear  bordered  with  two  other  lines  of  light, 
wrhen  held  either  too  near  or  too  remote  for  diftind  vifion.  If 
Dr.  Jurin’s  account  of  this  experiment  be  juft,  he  obferves  that 
the  ftars  ought  not  to  appear  radiated,  but  furrounded  with  con¬ 
centric  circles  of  light,  as  the  forementioned  line  of  light  is 
bordered  with  parallel  lines.  A  very  fmall  pin  hole  in  a  piece  of 
paper,  being  held  up  againft  the  light,  firft  at  a  diftance  from 
the  eye  at  which  it  may  be  feen  diftindly,  and  then,  while  the 
eye  is  direded  to  it,  drawn  gradually  nearer,  will,  he  fays,  as 
foon  as  it  ceafes  to  be  feen  diftindly,  appear  radiated,  like  a  ftar, 
not  furrounded  with  luminous  circles.  If  the  appearances  in 
this,  experiment  be  duly  attended  to,  they  will  account,  he  fays, 
for  the  lines  of  light  in  the  other  obfervation  j  for  thefe  rays 


f  Robms’s  Tratts,  Vol.  2,  p.  280. 


will 


Sec.  XU. 


VISION. 


685 

will  mod  of  them,  if  not  all,  have  a  lucid  fpeck  in  them,  fo 
that  if  a  flit  be  cut  in  the  paper,  through  the  pin  hole,  of  the 
breadth  of  the  hole,  each  of  thefe  fpecks  will  become  a  line  of 
light,  parallel  to  the  flit.* 

Dr.  Jurin  concludes  his  obfervations  with  relating  what  ap¬ 
pears  upon  attentively  viewing  a  light  furface  terminated  by  a 
dark  one ;  when  a  light  border  will  fometimes  appear  within 
the  dark  one,  and  a  dark  border  within  the  light  one.  This  he 
aferibes  to  the  impreflion  made  upon  the  eye  by  the  light  re¬ 
maining  fome  fenfible  time,  as  in  looking  at  the  lun,  &c.  For, 
upon  the  leaft  unavoidable  nutation  of  the  head,  fome  part  of 
the  retina,  which  had  been  occupied  by  the  dark  and  faint  lucid 
lines  without  the  image,  would  now  be  imprefled  by  the  light  of 
the  white  part ;  and  this  fudden  tranfition  from  darknefs  to  light 
would  caufe  the  light  upon  that  part  of  the  retina  to  appear 
ftronger  than  upon  the  other  parts,  which  liad  all  along  receiv¬ 
ed  the  light  of  the  white  furface,  that  is  a  luminous  border 
would  appear  brighter  than  the  reft  of  the  furface.  And  when 
the  eye  is  a  little  diverted  to  one  flde,  in  order  to  confider  this 
luminous  border  more  attentively,  by  this  means  a  part  of  the 
retina,  which  was  before  poflefled  by  part  of  the  image  of  the 
black  furface,  would  now  be  imprefled  with  the  light  of  the 
white  furface,  and  by  having  undergone  a  greater  degree  of  dark¬ 
nefs  than  the  former  part,  it  would  be  afledled  with  a  ftill 
ftronger  fenfation  of  light ;  that  is,  the  luminous  border  will 
not  only  appear  broader,  but  ftronger  than  before. *f* 

That  we  fee  moft  clearly  when  the  pupil  is  dilated,  is  evident, 
becaufe  the  eye  then  admits  a  greater  quantity  of  light  $  but  we 

•  Robins’s  Tratts,  Vol.  2,  p.  Z96,  f  Efiay,  p.  1 70. 
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fee  the  molt  diflin&ly  when  the  pupil  is  contracted,  becaufe,  as 
has  been  obferved  already,  the  divergence  of  rays,  not  accurate¬ 
ly  united  upon  the  retina,  is  limited  by  the  pupil  and  alfo, 
as  Dr.  Porterfield  adds,  becaufe  all  foreign  light  is  thereby  more 
effectually  excluded,  and  the  eye  is  a  more  perfect  camera  ob- 
fcura.'f'  It  may  perhaps  be  added,  that  the  aberration  of  the 
rays,  occafioned  by  the  curvature  of  the  humours  of  the  eye,  is 
thereby  leffened.  Thus  the  contraction  of  the  aperture  of  a  te- 
lefcope  makes  objects  appear  lefs  luminous,  but  more  diffinct ; 
becaufe  the  aberration  of  the  rays,  occafioned  by  the  curvature 
of  the  lens,  is  thereby  leffened. 

It  was  the  opinion  of  Paulus  iEgineta,  Honoratus  Faber,  and 
Gaffendi,  and  indeed  of  all  the  phyficians  for  many  years,  that 
the  contraction  of  the  pupil  makes  objects  appear  lefs.  But  this, 
as  Dr.  Porterfield  fhews,  is  contrary  to  the  evident  principles  of 
opticks,  §  and  we  may  add,  it  is  contrary  to  what  we  experience 
in  the  ufe  of  telefcopes,  the  magnifying  power  of  which  is  not 
affected  by  leffening  their  apertures. 

Several  circumftances  relating  to  diffinct  and  indiffinct  vifion, 
are  well  explained  by  H.  J.  De  la  Motte,  a  phyfician  in  Dant- 
zick,  in  confequence  of  endeavouring  to  verify  an  experiment  of 
Scheiner  mentioned  above,  in  which  a  diftant  object  appeared 
multiplied  when  it  was  feen  through  feveral  holes,  made  with 
the  point  of  a  pin  in  a  card,  not  farther  diflant  from  one  ano¬ 
ther  than  the  diameter  of  the  pupil ;  but,  notwithffanding  all 
his  labour,  he  was  not  able  to  fucceed,  till  a  friend  of  his  hap- 

*  This  however  is  only  the  cafe  with  eyes  that  are  bad  and  which  have  not  a  power  of 
conforming  themfelves  to  the  diftindt  view  of  objedls  placed  at  different  diftances. 

1  Porterfield  on  the  Eye,  Vol.  2,  p.  176.  §  lb.  p.  178. 
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pening  to  call  upon  him,  he  defired  him  to  make  the  trial ; 
when  it  anfwered  perfectly.  His  friend  was  fhort  lighted, 
whereas  he  himfelf  was  not.  Giving  his  friend  a  concave  glafs, 
and  placing  it  clofe  to  the  card,  the  objedt  appeared  but  one. 
Thefe  circumftances  enabled  Dr.  Motte  to  fet  the  whole  affair  in 
a  very  clear  point  of  light. 

When  the  object  is  at  fuch  a  diftance,  and  the  eye  of  fuch  a 
form,  that,  without  any  (training,  pencils  of  rays  coming  from 
it  would  meet  upon  the  retina,  the  objedt  will  never  appear 
more  than  one,  through  whatever  number  of  holes  they  may  be 
tranfmitted  to  the  pupil.  The  parts  of  the  card  that  intercept 
the  light,  in  this  cafe,  will  only  thin  the  pencils,  and  confe- 
quently  make  the  objedt  lefs  luminous.  But  if  the  eye  be  oblig¬ 
ed  to  alter  its  figure,  in  order  to  fee  the  objedt  diftindlly,  the 
interpofition  of  the  card,  by  fuggefting  a  different  idea  or  fenfa- 
tion  of  the  diftance,  reftores  the  eye  to  its  natural  conformati¬ 
on  ;  and  then  the  pencils  of  rays  that  are  tranfmitted  through 
the  feveral  holes,  either  do  not  come  to  a  focus  upon  the  retina, 
or  elfe  before  they  reach  it,  in  both  which  cafes  there  will  be  as 
many  different  impreflions  upon  it  as  there  are  holes  in  the  card; 
with  this  difference,  that,  if  they  tend  to  a  focus  beyond  the  re¬ 
tina,  the  covering  of  a  hole  on  the  right  hand  will  conceal  an 
image  that  appeared  to  the  right ;  whereas,  if  they  come  to  a 
focus  before  they  reach  the  retina,  the  covering  of  a  hole  to  the 
right  hand  will  conceal  an  image  that  appeared  to  the  left,  on  ac- 
,  count  of  the  rays  having  crofted  one  another  before  they  reached 
the  retina.  This  is  fo  exceedingly  obvious,  that  I  do  not  think  it 
neceffary  to  explain  it  by  any  figure.  Thofe  who  chufe  to  fee  it 
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done,  in  a  great  variety  of  cafes,  may  confult  the  Memoir  from 
which  this  account  is  extracted.* 


CHAPTER  VI. 


Observations  on  the  apparent  PLACE,  DISTANCE, 
MAGNITUDE  and  MOTION  of  objects. 


[  TV  /T  Y  reader  will  certainly  with  to  fee  in  what  manner  Dr. 
xVA  Barrow’s  hypothecs,  concerning  the  apparent  place  of 
objedts,  and  the  difficulty  which  he  liar  ted  with  relpedt  to  it, 
were  taken  up  by  other  philofophers. 

The  perfon  who  firft  took  much  notice  of  it  was  the  ingenious 
Dr.  Berkley,  Biffiop  of  Cloyne,  who  diftinguifhed  himfelf  fo 
much  by  the  objections  whichhe  ftarted  to  the  reality  of  amaterial 
world,  and  by  his  oppofition  to  the  Newtonian  dodtrine  of 
fluxions.  In  his  EJfay  on  a  new  theory  of  vi/ion ,  he  obferves  that 
the  circle  formed  upon  the  retina,  by  the  ravs  which  do  not  come 
to  a  focus,  produce  the  fame  confufion  in  the  eye,  whether  they 
crofs  one  another  before  they  reach  the  retina,  or  tend  to  do  it 
afterwards ;  and  therefore  that  the  judgment  concerning  diftance 

*  Verfuclie  et  Abhandlungen,  Sec.  Dantzig,  Vol.  z,  p.  zog. 

will 


I 


Sec.  XII.  OF  OBJECTS.  689 

will  be  the  fame  in  both  the  cafes,  without  any  regard  to  the 
place  from  which  the  rays  originally  iffued  5  fo  that  in  this  cafe, 
as,  by  receding  from  the  lens,  the  confulion,  which  always  ac¬ 
companies  the  nearnefs  of  an  objedt,  increafes,  the  mind  will 
judge  that  the  objedt  comes  nearer.* 

But,  fays  Dr.  Smith,  if  this  be  true,  the  objedt  ought  al¬ 
ways  to  appear  at  a  lefs  diftance  from  the  eye  than  that  at  which 
objedts  are  feen  diftindtly,  which  is  not  the  cafe ;  and  to  explain 
this  appearance,  as  well  as  every  other  in  which  a  judgment  is 
formed  concerning  diftance,  he  maintains  that  we  judge  of  it  by 
the  apparent  magnitude  of  objedts  only,  or  chiefly,  fo  that,  fince 
the  image  grows  larger  as  we  recede  from  the  lens,  through 
which  it  is  viewed,  we  conceive  the  objedt  to  come  nearer.  He 
alfo  endeavours  to  fhew  that,,  in  all  cafes  in  which  glades  are 
ufed,  we  judge  of  diftance  by  the  fame  limple  rule 5  from  wdiich 
he  concludes  univerfally,  that  the  apparent  diftance  of  an  objedt 
feen  in  a  glafs,  is  to  its  apparent  diftance  feen  by  the  naked  eye, 
as  the  apparent  magnitude  to  the  naked  eye  is  to  its  apparent 
magnitude  in  the  glafs.  § 

But  that  we  do  not  judge  of  diftance  merely  by  the  angle  un¬ 
der  which  objedts  are  feen,  is  an  obfervation  as  old  as  Alhazen, 
who  mentions  feveral  inftances,  in  which,  though  the  angles 
under  which  objedts  appear  be  different,  the  magnitudes  are  uni¬ 
verfally  and  -inftantaneoudy  deemed  not  to  be  fo.t  And  Mr. 
Robins  clearly  fhews  the  hypothefis  of  Dr.  Smith,  to  be  con¬ 
trary  to  fadt  in  the  mod;  common  and  fimple  cafes.  In  microf- 
copes,  he  fays,  it  is  impoflible  that  the  eye  diould  judge  the  ob- 

*  Effay  on  VifioB,  p.  30.  §  Optrcks,  Vo!.  %  p.  52.  J  Robins’s  Traits,  Vol.  2, 

p.  247.  Alhazen  Lib.  ~/N.  36. 
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jeCt  to  be  nearer  than  the  diftance  at  which  it  has  viewed  the  ob¬ 
jeCt  itfelf,  in  proportion  to  the  degree  of  magnifying.  For 
when  the  microfcope  magnifies  much,  this  rule  would  place  the 
image  at  a  diftance,  of  which  the  fight  cannot  pofiibly  form  any 
opinion,  as  being  an  interval  from  the  eye  at  which  no  object 
can  be  feen.  In  general,  he  fays,  he  believes  that  whoever  looks 
at  an  object  through  a  convex  glafs,  and  then  at  the  objeCt  itfelf, 
without  the  glafs,  will  find  it  to  appear  nearer  in  the  latter  cafe, 
though  it  be  magnified  in  the  glafs  ;  and  in  the  fame  trial  with 
the  concave  glafs,  though  by  the  glafs  the  objeCt  be  diminilhed, 
it  will  appear  nearer  through  the  glafs  than  without  it. 

But  the  moft  convincing  proof  that  the  apparent  diftance  of 
the  image  is  not  determined  by  its  apparent  magnitude  isjhe  fol¬ 
lowing  experiment.  If  a  double  convex  glafs  be  held  upright 
before  feme  luminous  objeCt,  as  a  candle,  there  will  be  feen  two 
images,  one  ereCt,  and  the  other  inverted.  The  firft  is  made 
limply  by  reflexion  from  the  neareft  furface,  the  fecond  by  re^ 
flexion  from  the  farther  furface,  the  rays  undergoing  a  refraction 
from  the  firft  furface  both  before  and  after  the  reflexion.  If  this 
glafs  has  not  too  fhort  a  focal  diftance,  when  it  is  held  near  the 
objeCt,  the  inverted  image  will  appear  larger  than  the  other,  and 
alfo  nearer ;  but  if  the  glafs  be  carried  off  from  the  objeCt, 
though  the  eye  remain  as  near  to  it  as  before,  the  inverted  image 
will  diminifh  fo  much  falter  than  the  other,  that,  at  length,  it 
will  appear  very  much  lefs  than  it,  but  ftill  nearer.  Here,  fays 
Mr.  Robins,  two  images  of  the  fame  objeCt  are  feen  under  one 
view,  and  their  apparent  diftances  immediately  compared ;  and 
here  it  is  evident  that  thofe  diftances  have  no  neceftary  connec¬ 
tion  with  the  apparent  magnitude,  He  alfo  fhews  how  this  ex¬ 
periment 
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periment  may  be  made  flill  more  convincing,  by  flicking  a  piece 
of  paper  on  the  middle  of  the  lens,  and  viewing  it  through  a 
fhort  tube.* 

As  I  propofe  to  dwell  as  little  as  poffible  upon  fallacious  prin¬ 
ciples  in  philofophy,  I  omit  a  variety  of  arguments  that  Dr. 
Smith  produces  for  his  opinion,  and  alfo  the  refutation  of  them 
by  Mr.  Robins.  What  perplexed  Dr.  Smith,  Mr.  Robins  con- 
jedtures  to  have  been  the  confideration,  that  the  apparent  mag¬ 
nitude  of  very  diflant  objects  is  neither  determined  by  the  mag¬ 
nitude  of  the  angle  only  under  which  they  are  feen,  nor  is  the 
exadl  proportion  of  that  angle  compared  with  their  true  diflance, 
but  is  compounded  alfo  with  a  deception -'concerning  that  dis¬ 
tance  ;  in  fo  much  that,  if  we  had  no  idea  of  difference  in  the 
diflance  of  objedls,  each  would  appear  in  magnitude  proportion¬ 
al  to  the  angle  under  which  it  was  feen  ;  and  if  our  apprehen- 
fion  of  the  diflance  was  always  juft,  our  idea  of  their  magnitude 
would  be,  in  all  diflances,  unvaried  ;  but  in  proportion  as  we 
err  in  our  conception  of  their  diflance,  the  greater  angle  fuggefls 
a  greater  magnitude.  Dr.  Smith  not  being  apprifed  of  this  com¬ 
pound  efteft,  has  fometimes  explained  the  apparent  magnitude 
by  the  vifual  angle  only,  at  other  times  by  that  angle  compared 
with  the  diflance  ;  and  by  that  means,  fays  Mr.  Robins,  he 
becomes  inconfiflent  with  himfelf.-f* 

Montucla  alfo,  who  feems  not  to  have  been  acquainted  with 
Mr.  Robins’s  writings,  declares  himfelf  diffatisfied  with  Dr. 
Smith’s  hypothecs  concerning  apparent  diflance,  and  makes  fome 
remarks  upon  the  fubjedt,  which  are  not  unworthy  of  our 
notice. 


*  Robins’s  Trafts,  Vol.  2,  p.  230.  f  lb.  p.  251. 
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He  thinks  that,  contrary  to  what  is  advanced  by  Dr.  Smith, 
and  other  Opticians,  he  can  demonftrate,  what  we  have  feen  to 
have  been  afierted  by  Mr.  Robins,  that  when  an  objeft  is  feen 
through  a  convex  lens,  it  is  imagined  to  be  farther  off  than  when 
it  is  feen  with  the  naked  eye.  Let  a  convex  lens,  he  fays,  be 
placed  upon  a  written  paper,  or  any  other  objedt,  and  if  it  be 
removed  to  a  greater  diflance,  it  will  appear  to  go  farther  off,  in 
proportion  as  it  grows  bigger.  If  this  do  not  convince  them,  he 
thinks  the  following  experiment,  by  which  he  brought  many 
perfons  to  think  as  he  did  upon  the  fubjedt,  cannot  fail  to  give, 
them  fatisfadlion.  He  bade  them  look  downwards,  through  a 
convex  lens,  upon  the  edge  of  a  table,  and  then  endeavour  to 
touch  it  with  their  finger ;  and  there  was  no  perfon  who  did  not 
reach  too  low  for  that  purpofe,  whereas  they  would  not  have 
reached  low  enough,  if  they  had  imagined  it  to  be  nearer  than- 
before. 

He  alfo  thought  that  he  could  obferve,  in  the  experiment  of 
Dr.  Barrow,  a  circumflance  that  overthrew  the  hypothefis  of 
Dr.  Smith.  For,  according  to  him,  when  a  perpendicular  line, 
plunged  into  a  veffel  of  water,  is  viewed  obliquely,  all  its  parts 
appear  diminifhed,  in  proportion  to  its  depth ;  fo  that  they 
ought  to  appear  beyond  the  perpendicular  5  whereas,  according 
to  Dr.  Barrow,  the  appearance  of  the  line  within  the  water  is 
a  curve,  which  falls  on  this  fide  the  perpendicular.  Upon  the 
whole,  Montucla  concludes  that  there  is  fomething  which  he 
cannot  account  for  in  the  experiment  of  Dr.  Barrow,  and  in?— 
vites  philofophers  to  give  more  attention  to  the  fubjett.* 
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Had  our  author  written  a  little  later,  he  would  have  feen  fome 
new  light  thrown  upon  the  fubjeCt  by  M.  Bouguer,  who  adopts 
the  general  maxim  of  Dr.  Barrow,  in  fuppofing  that  we  refer 
objects  to  the  place  from  'which  the  pencils  of  rays  feemingly 
converge  at  their  entrance  into  the  pupil.  But  when  rays  ilfue 
from  below  the  furface  of  a  veffel  of  water,  or  any  other  re¬ 
fracting  medium,  he  finds  that  there  are  always  two  different 
places  of  this  feeming  convergence  ;  one  of  them  of  the  rays 
that  iffue  from  it  in  the  fame  vertical  circle,  and  therefore  fall 
with  different  degrees  of  obliquity  upon  the  furface  of  the  re¬ 
fracting  medium,  and  another  of  thofe  that  fall  upon  the  furface 
with  the  fame  degree  of  obliquity,  entering  the  eye  laterally  with 
refpeCt  to  one  another.  Sometimes,  hefays,  that  one  of  thefe  images 
is  attended  to  by  the  mind,  and  fometimes  the  other  $  and  dif¬ 
ferent  images  may  be  obferved  by  different  perfons.  An  objeCt 
plunged  in  water  affords  an  example  he  fays  of  this  duplicity  of 
images. 

If  BA  b,  fig.  155,  be  part  of  the  furface  of  water,  and  the 
objeCt  be  at  O,  there  will  be  two  images  of  it,  in  two  different 
places  y  one  at  G,  on  the  cauftic  By  refraction,  and  the  other 
at  E,  in  the  perpendicular  AO,  which  is  as  much  a  cauftic  as  the 
other  line.  The  former  image  is  vifible  by  the  rays  ODM,  O  d 
m,  which  are  one  higher  than  the  other,  in  their  progrefs  to  the 
eye ;  whereas  the  image  at  E  is  made  by  the  rays  0DM,0  e f 
which  enter  the  eye  laterally.  This,  fays  he,  may  ferve  to  ex¬ 
plain  the  difficulty  of  Father  Tacquet,  Barrow,  Smith,  and  many 
other  authors,  and  which  Newton  himfelf  confidered  as  a  very 
difficult  problem,  though  it  might  not  be  abfolutely  infoluble.* 


*  Traite  d’  Optique,  p.  104. 
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G.  W.  KrafFt  has  ably  fupported  the  opinion  of  Dr.  Barrow, 
that  the  place  of  any  point,  feen  by  reflexion  from  the  furface  of 
any  medium,  is  that  in  which  rays  ifTuing  from  it,  infinitely  near 
to  one  another,  would  meet  ;*  and  confidering  the  cafe  of  a  dis¬ 
tant  object,  viewed  in  a  concave  mirror,  by  an  eye  very  near  to 
it,  when  the  image,  according  to  Euclid  and  other  writers,  would 
be  between  the  eye  and  the  object,  and  the  rule  of  Dr.  Barrow 
cannot  be  applied,  he  fays  that,  in  this  cafe,  the  fpeculum  may 
be  confidered  as  a  plane,  the  effedt,  being  the  fame,  only  the 
image  is  more  obfcure.  § 

Dr.  Porterfield  gives  a  diftindt  and  comprehenfive  view  of  the 
natural  methods  of  judging  concerning  the  diftance  of  objedts, 
adding,  to  the  five  methods  which  have  been  recited  from  M.  De 
la  Hire,  the  conformation  of  each  eye,  which  has  been  treated 
of  above.  As  he  makes  feveral  pertinent  remarks  upon  each  of 
them,  and  on  the  fallacies  that  we  are  liable  to  when  any  of 
them  fail  us,  I  fhall  briefly  recite  fome  of  his  obfervations. 

The  conformation  of  the  eye,  he  obferves,  can  be  of  no  ufe 
to  us  with  refpedt  to  objedts  that  are  placed  without  the  limits  of 
diftindt  vifion.  As  the  objedt,  however,  does  then  appear  more 
or  lefs  confufed,  according  as  it  is  more  or  lefs  removed  from 
thofe  limits,  this  confufion  affifts  the  mind  in  judging  of  the 
distance  of  the  objedt ;  it  being  always  efteemed  fo  much  the 
nearer,  or  the  farther  off,  by  how  much  the  confufion  is  greater. 
But  this  confufion  hath  its  limits  alfo,  beyond  which  it  can 
never  extend  ;  for  when  an  objedt  is  placed  at  a  certain  diftance 
from  the  eye,  to  which  the  breadth  of  the  pupil  bears  no  fen- 

*  Com.  Petrop.  Vol.  12,  p.  252.  §  lb.  p.  256. 
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fible  proportion,  the  rays  of  light  that  come  from  a  point  in  the 
objedt,  and  pafs  the  pupil,  are  fo  little  diverging,  that  they  may 
be  confidered  as  parallel.  For  a  pidture  on  the  retina  will  not 
be  fenfibly  more  confufed,  though  the  objedt  be  removed  to  a 
much  greater  diftance.* 

The  mod;  univerfal,  and  frequently  the  mod:  fure  means  of 
judging  of  the  didance  of  objedts  is,  he  fays,  the  angle  made  by 
the  optic  axes.  For  our  two  eyes  are  like  two  different  dations, 
by  the  adidance  of  which  didances  are  taken  ;  and  this  is  the 
reafon  why  thofeperfons  who  are  blind  of  one  eye,  fo  frequently 
mifs  their  mark  in  pouring  liquor  into  a  glafs,  fluffing  a  candle, 
and  fuch  other  adtions  as  require  that  the  didance  be  exadtly  dif- 
tinguifhed.  To  convince  ourfelves  of  the  ufefulnefs  of  this  me¬ 
thod  of  judging  of  the  didance  of  objedts,  he  diredts  us  to  fuf- 
pend  a  ring  in  a  thread,  fo  that  its  fide  may  be  towards  us,  and 
the  hole  in  it  to  the  right  and  left  hand  ;  and  taking  a  fmall  rod, 
crooked  at  the  end,  retire  from  the  ring  two  or  three  paces,  and 
having  with  one  hand  covered  one  of  our  eyes,  to  endeavour 
with  the  other  to  pafs  the  crooked  end  of  the  rod  through  die 
ring.  This,  fays  he,  appears  very  eafy,  and  yet,  upon  trial, 
perhaps  once  in  100  times,  we  fhall  not  fucceed,  efpecially  if  we 
move  the  rod  a  little  quickly.  § 

Our  author  obferves,  that  by  perfons  recollediing  the  time 
when  they  began  to  be  fubjedt  to  the  miftakes  above  mentioned, 
they  may  tell  when  it  was  that  they  loft  the  ufe  of  one  of  their 
eyes ;  which  many  perfons  are  long  ignorant  of,  and  which  may 
be  a  circumftance  of  fome  confequence  to  a  phyfician.  Of  this 
he  once  availed  himfelf  in  curing  a  gutta  ferena,  which  he  found, 

*  V.ol.  2,  p.  3 87.  §  Vol,  i,  p.  105. 
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by  this  means,  to  have  been  of  no  long  {landing.*  The  ufe  of 
this  fecond  method  of  judging  of  diftances  De  Chales  limited  to 
1 20  feet,  beyond  which,  he  fays,  we  are  not  fenfible  of  any  dif¬ 
ference  in  the  angle  of  the  optic  axes.'f' 

A  third  method  of  judging  of  the  diftance  of  objects,  confifts 
in  their  apparent  magnitudes,  on  which  fo  much  ftrefs  was  laid 
by  Dr.  Smith.  From  this  change  in  the  magnitude  of  the 
image  upon  the  retina,  we  ealily  judge  of  the  diftance  of  objedts, 
as  often  as  we  are  otherwife  acquainted  with  the  magnitude  of 
the  objects  themfelves  ;  but  as  often  as  we  are  ignorant  of  the 
real  magnitude  of  bodies,  we  can  never,  from  their  apparent 
magnitude,  form  any  judgment  of  their  diftance. 

From  this  we  may  fee  why  we  are  fo  frequently  deceived  in 
our  eftimates  of  diftance,  by  any  extraordinary  magnitudes  of 
objects  feen  at  the  end  of  it;  as,  in  travelling  towards  a  large 
city,  or  a  caftle,  or  a  cathedral  church,  or  a  mountain  larger 
than  ordinary,  we  fancy  them  to  be  nearer  than  we  find  them  to 
be.  This  alfo  is  the  reafon  why  animals,  and  all  fmall  objedts, 
feen  in  valleys,  contiguous  to  large  mountains,  appear  exceed¬ 
ingly  fmall.  For  we  think  the  mountain  nearer  to  us  than  if  it 
was  fmaller ;  and  we  ftiould  not  be  furprifed  at  the  fmallnefs  of 
the  neighbouring  animals,  if  we  thought  them  farther  off.  For 
the  fame  reafon,  we  think  them  exceedingly  fmall  when  they 
are  placed  upon  the  top  of  a  mountain,  or  a  large  building, 
which  appears  nearer  to  us  than  they  really  are,  on  account  of 
their  extraordinary  fize.  § 

Dr.  Jurin  clearly  accounts  for  our  imagining  objedts, 
when  feen  from  a  high  building,  to  be  fmaller  than  they  are, 

*  Vol.  j,  p.  390.  f  lb.  p.  394.  §  lb.  p.  396. 

and 


OF  OBJECTS. 


-  ,  \ 

Sec.  XII. 


and  fmaller  than  we  fancy  them  to  be  when  we  view  them  at 
the  fame  diftance  on  level  ground.  It  is,  fays  he,  becaufe  we 
have  no  diftinCt  idea  of  diftance  in  that  direction,  and  therefore 
judge  of  things  by  their  pictures  upon  the  eye  only,  but  cuftom 
will  enable  us  to  judge  rightly  even  in  this  cafe. 

Let  a  boy,  fays  he,  who  has  never  been  upon  any  high  build¬ 
ing,  go  to  the  top  of  the  Monument,  and  look  down  into  the 
ftreet,  the  objects  feen  there,  as  men  and  horfes,  will  appear  fo 
fmall  as  greatly  to  ftirprife  him.  But  io  or  20  years  after,  if,  in 
the  mean  time,  he  has  ufed  himfelf,  now  and  then,  to  look  down 
from  that,  and  other  great  heights,  he  will  no  longer  find  the 
fame  objects  to  appear  fo  fmall.  And  if  he  was  to  view  the 
fame  objeCts  fromfuch  heights  as  frequently  as  he  fees  them  up¬ 
on  the  fame  level  with  himfelf  in  the  ftreets,  he  fuppofes  that 
they  would  appear  to  him  juft  of  the  fame  magnitude  from  the 
top  of  the  Monument,  as  they  do  from  a  window  one  ftory  high. 
For  this  reafon  it  is  that  ftatues  placed  upon  very  high  buildings 
ought  to  be  made  of  a  larger  fize  than  thofe  which  are  feen  at  a 
nearer  diftance  ;  becaufe  all  perfons,  except  architects,  are  apt  to 
imagine  the  height  of  fuch  buildings  to  be  much  lefs  than  it 
really  is.* 

The  fourth  method  by  which  Dr.  Porterfield  fays,  that  wc 
judge  of  the  diftance  of  objects,  is,  the  force  with  which  their 
colour  ftrikes  upon  our  eyes.  For  if  we  be  allured  that  two  ob¬ 
jects  are  of  a  fimilar  and  like  colour,  and  that  one  appears  more 
bright  and  lively  than  the  other,  we  judge  that  the  brighter  ob.- 
jeCt  is  the  nearer  of  the  two.§ 


*  Smith’s  Opticks,  Remarks,  p.  51.  §  Vol,  z,  p.  396. 
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The  fifth  method  confifts  in  the  different  appearance  of  the 
fmall  parts  of  objedts.  When  thefe  parts  appear  diftindt,  we 
judge  that  the  objedt  is  near,  but  when  they  appear  confufed,  or 
when  they  do  not  appear  at  all,  we  judge  that  it  is  at  a  greater 
diftance.  For  the  image  of  any  objedl,  or  part  of  an  objedl, 
diminifhes  as  the  diftance  of  it  increafes. 

The  fixth,  and  laft  method,  by  which  we  judge  of  the  diftance 
of  objedts,  is  that  the  eye  does  not  reprefent  to  our  mind  one 
objedt  alone,  but  at  the  fame  time  all  thofe  that  are  placed  be¬ 
twixt  us  and  the  principal  objedt,  whofe  diftance  we  are  confi- 
dering ;  and  the  more  this  diftance  is  divided  into  feparate  and 
diftindt  parts,  the  greater  it  appears  to  be.  For  this  reafon,  dis¬ 
tances  upon  uneven  furfaces  appear  lefs  than  upon  a  plane ;  for 
the  inequalities  of  the  furfaces,  fuch  as  hills,  and  holes,  and 
rivers,  that  lie  low  and  out  of  fight,  either  do  not  appear,  or 
hinder  the  parts  that  lie  behind  them  from  appearing ;  and  fo 
the  whole  apparent  diftance  is  diminifhed  by  the  parts  that  do 
not  appear  in  it.  This  is  the  reafon  that  the  banks  of  a  river 
appear  contiguous  to  a  diftant  eye,  when  the  river  is  low  and  not 
feen,* 

Dr.  Porterfield  very  well  explains  feveral  fallacies  in  vifion  de¬ 
pending  upon  our  miftaking  the  diftances  of  objedts.  Of  this 
kind,  he  fays,  is  the  appearance  of  parallel  lines,  and  long  villa’s, 
confifting  of  parallel  rows  of  trees ;  for  they  feem  to  converge 
more  and  more,  as  they  are  farther  extended  from  the  eye. 
The  reafon  of  this,  he  fays,  is  becaufe  the  apparent  magnitudes 
of  their  perpendicular  intervals  are  perpetually  diminifhing, 
while,  at  the  fame  time,  we  miftake  their  diftance.  Hence  we 


may 
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may  fee  why,  when  the  two  parallel  rows  of  trees  hand  upon  an 
afcent,  whereby  the  more  remote  parts  appear  farther  off  than 
they  really  are,  becaufe  the  line  that  meafures  the  length  of  the 
villas  now  appears  under  a  greater  angle  than  when  it  was  hori¬ 
zontal,  the  trees,  in  fuch  a  cafe,  will  feem  to  converge  lefs,  and 
fometimes,  inhead  of  converging,  they  will  be  thought  to 
diverge. 

For  the  fame  reafon  that  a  long  villa  appears  to  converge  more 
and  more,  the  farther  it  is  extended  from  the  eye,  the  remoter 
parts  of  a  horizontal  walk,  or  a  long  floor,  will  appear  to  afcend 
gradually;  and  obje&s  placed  upon  it,  the  more  remote  they  are, 
the  higher  they  will  appear,  till  the  lall  be  feen  on  a  level  with 
the  eye  ;  whereas  the  cieling  of  a  long  gallery  appears  to  defcend 

towards  a  horizontal  line,  drawn  from  the  eye  of  the  fpedlator. 

/ 

For  this  reafon,  alfo,  the  furface  of  the  fea,  feen  from  an  emi¬ 
nence,  feems  to  rife  higher  and  higher  the  farther  we  look ;  and 
the  upper  parts  of  high  buildings  feem  to  hoop,  or  incline  for¬ 
wards  over  the  eye  below,  becaufe  they  feem  to  approach  to¬ 
wards  a  vertical  line  proceeding  from  the  fpedlator’s  eye  ;  fo  that 
hatues  on  the  top  of  fuch  buildings,  in  order  to  appear  upright, 
muh  recline,  or  bend  backwards.* 

Our  author  alfo  fhews  the  reafon  why  a  windmill,  feen  from 
a  great  dihance,  is  fometimes  imagined  to  move  the  contrary 
way  from  what  it  really  does,  by  our  taking  the  nearer  end  of 
the  fail  for  the  more  remote.  The  uncertainty  we  fometimes 
find  in  the  courfe  of  the  motion  of  a  branch  of  lighted  candles, 
turned  round  at  a  dihance,  is  owing,  he  fays,  to  the  fame  caufe, 
as  alfo  our  fometimes  mihaking  a  convex  for  a  concave  furface, 

*  Vol.  2,  p.  383. 
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more  efpecially  in  viewing  feals,  and  impreflions  with  a  convex 
glafs,  or  a  double  microfcope  ;  and  laftly  that,  upon  coming  in 
a  dark  night  into  a  ftreet,  in  which  there  is  but  one  row  of  lamps, 
we  often  miftake  the  fide  of  the  ftreet  they  are  on.* 

Far  more  light  was  thrown  upon  this  curious  fubjed  by  M. 
Bouguer,  whofe  name  my  reader  will  be  glad  to  meet  with  again 
in  the  courfe  of  this  hiflory,  and  I  with  it  had  been  in  my  pow¬ 
er  to  give  him  that  pleafure  much  oftener. 

The  proper  method  of  drawing  the  appearance  of  two  rows 
of  trees  that  fhall  appear  parallel  to  the  eye,  is  a  problem  which 
has  exercifed  the  ingenuity  of  feveral  philofophers  and  mathe¬ 
maticians.  That  the  apparent  magnitude  of  objeds  decreafes 
with  the  angle  under  which  they  are  feen,  has  always  been  ac¬ 
knowledged.  It  is  alfo  acknowledged  that  it  is  only  by  cuftom 
and  experience  that  we  learn  to  form  a  judgment  both  of  mag¬ 
nitudes  and  diftancesj  but  in  the  application  of  thefe  maxims  to 
the  above  mentioned  problem,  all  perfons,  before  M.  Bouguer, 
made  ufe  of  the  real  distance  inftead  of  the  apparent  one ;  by 
which  only  the  mind  can  form  its  judgment.  And  it  is  mani- 
feft  that,  if  any  circumftances  contribute  to  make  the  diftance 
appear  otherwife  than  it  is  in  reality,  the  apparent  magnitude 
of  the  objedwill  be  affeded  by  it,  for  the  fame  reafon  that,  if 
the  magnitude  be  mifapprehended,  the  idea  of  the  diftance  will 
Vary. 

For  want  of  attending  to  this  diftindion,  Tacquet  pretended 
to  demonftrate,  that  nothing  can  give  the  idea  of  two  parallel 
lines  (rows  of  trees  for  inftance)  to  an  eye  lituated  at  one  of 
their  extremities,  but  two  hyperbolical  curves,  turned  the  con- 
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trary  way ;  and  M.  Varignon  maintained  that,  in  order  to  make 
a  villa  appear  of  the  fame  width,  it  muft  be  made  narrower,  in- 
flead  of  wider,  as  it  recedes  from  the  eye. 

M.  Bouguer  obferves  that  very  great  diflances,  and  thofe  that 
are  confiderably  left;  than  them,  make  nearly  the  fame  impreflion 
upon  the  eye.  We,  therefore,  always  imagine  great  diflances 
to  be  lefs  than  they  are,  and  for  this  reafon  the  ground  plan  of  a 
lbng  villa  always  appears  to  rife.  The  vifual  rays  come  in  a  de¬ 
terminate  direction,  but  as  we  imagine  that  they  terminate  fooner 
than  they  do,  we  necdfarily  conceive  that  the  place  from  which 
they  iffue  is  elevated.  Every  large  plane,  therefore,  as  AB,  fig. 
156,  viewed  by  an  eye  at  O,  will  feem  to  lie  in  fuch  a  direction 
f  as  A  b,  and  confequently  lines,  in  order  to  appear  truly  parallel, 
on  the  plane  AB,  mufl  be  drawn  fo  as  that  they  would  appear 
parallel  on  the  plane  A  b ,  and  be  from  thence  projected  to  the 
plane  AB.* 

To  determine  the  inclination  of  the  apparent  ground  plane 
A  b  to  the  true  ground  plane  AB,  our  ingenious  author  diredls  us 
to  draw  upon  a  piece  of  level  ground,  two  flraight  lines  of  a  fuf- 
ficient  length  (for  which  purpofe  lines  faflened  to  fmall  flicks 
are  very  convenient)  making  an  angle  of  3  or  4  degrees  with  one 
another.  Then  a  perfon,  placing  himfelf  within  the  angle,  with 
his  back  towards  the  angular  point,  mufl  walk  backwards  and 
[  forwards  till  he  can  fancy  the  lines  to  be  parallel.  In  this  fitua- 
tion,  a  line  drawn  from  the  point  of  the  angle  through  the  place 
of  his  eye,  will  contain  the  fame  angle  with  the  true  ground 
plane  which  this  does  with  the  apparent  one. 

M.  Bouguer  then  fhews  other  more  geometrical  methods  of 
determining  this  inclination,  and  fays  that,  by  thefe  means  he 

*  Ac,  Par.  1.755,  M.  156. 
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has  often  found  it  to  be  4  or  5  degrees,  though  fometimes  only 
2  or  2i  degrees.  The  determination  of  this  angle,  he  obferves, 
is  variable,  depending  upon  the  manner  in  which  the  ground  is 
illuminated,  and  the  intenfity  of  the  light.  The  colour  of  the 
foil  is  alfo  not  without  its  influence,  as  well  as  the  particular  con¬ 
formation  of  the  eye,  by  which  it  is  more  or  lefs  affe&ed  by  the 
fame  degree  of  light,  and  alfo  the  part  of  the  eye  on  which  the 
objedl  is  painted.  When,  by  a  flight  motion  of  his  head,  he 
contrived  that  certain  parts  of  the  foil,  the  image  of  which  fell 
towards  the  bottom  of  his  eye,  fhould  fall  towards  the  top  of 
the  retina,  he  always  thought  that  this  apparent  inclination  be¬ 
came  a  little  greater. 

But  what  is  very  remarkable,  and  what,  he  fays,  he  can  afliire 
his  reader  may  be  depended  upon,  is  that,  if  he  look  towards  a 
riflng  ground,  the  difference  between  the  apparent  ground  plan, 
and  the  true  one,  will  be  much  more  confiderable  ;  fo  that  they 
will  fometimes  make  an  angle  of  25  or  30  degrees.  Of  this  he 
had  made  frequent  obfervations.  Mountains,  he  fays,  begin  to 
be  inacceflible  when  their  fldes  made  an  angle  from  35  to  37 
degrees  with  the  horizon,  as  then  it  is  not  poflible  to  climb 
them  but  by  means  of  ftones  or  fhrubs,  to  ferve  as  fteps  to  fix 
the  feet  on.  In  thefe  cafes,  both  he  and  his  companions  al¬ 
ways  agreed  that  the  apparent  inclination  of  the  fide  of  the 
mountain  was  60  or  70  degrees. 

Thefe  deceptions  are  reprefented  in  fig.  1 57,  in  which,  when 
the  ground  plan,  AM,  or  AN,  are  much  inclined,  the  apparent 
ground  plan  A m,  or  An  makes  a  very  large  angle  with  it.  On 
the  contrary,  if  the  ground  dips  below  the  level,  the  inclination 
of  the  apparent  to  the  true  ground  plan  dirninifhes,  till,  at  a 
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certain  degree  of  the  dope,  it  becomes  nothing  at  all ;  the  two 
plans  AP  and  A p  being  the  fame,  fo  that  parallel  lines  drawn 
upon  them  would  always  appear  fo.  If  the  inclination  below 
the  horizon  is  carried  beyond  the  fituation  AP,  the  error  will  in- 
creafe ;  and  what  is  very  remarkable,  it  will  be  on  the  contrary 
fide ;  the  apparent  plan  A  r  being  always  below  the  true  plan 
AR,  fo  that,  if  a  perfon  would  draw  upon  the  plan  AR  lines 
that  fhall  appear  parallel  to  the  eye,  they  mufi  be  drawn  con¬ 
verging,  and  not  diverging,  as  is  ufual  on  the  level  ground,  be- 
caufe  they  mud:  be  the  projections  of  two  lines  imagined  to  be 
parallel,  on  the  plan  A  r,  which  is  more  inclined  to  the  horizon 
than  AR.* 

Thefe  remarks,  he  obferves,  are  applicable  to  different  planes 
expofed  to  the  eye  at  the  fame  time.  For  if  BH,  fig.  158  be 
the  front  of  a  building,  at  the  difiance  of  AB  from  the  eye,  it 
will  be  reduced  in  appearance  to  the  difiance  A  b  ;  and  the  front 
of  the  building  will  be  bhy  rather  inclined  towards  the  fpe&ator, 
unlefs  the  difiance  be  inconfiderable. 

After  making  a  great  number  of  obfervations  upon  this  fub- 
jeCt,  our  author  concludes,  that  when  a  man  fiands  upon  a  level 
plane,  it  does  not  feem  to  rife  fenfibly  but  at  fome  difiance  from 
him.  The  apparent  plane,  therefore,  has  a  curvature  in  it,  at 
that  difiance,  the  form  of  which  is  not  very  eafy  to  determine ; 
fo  that  a  man  ftanding  upon  a  level  plane,  of  infinite  extent,  will 
imagine  that  he  fiands  in  the  center  of  a  bafon.  This  is  alfo, 
in  fome  meafure,  the  cafe  with  a  perfon  fianding  upon  the  level 
of  the  fea. 


*  Vol.  z,  p.  160. 
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He  concludes  with  obferving,  that  there  is  no  difficulty  in. 
drawing  lines  according  to  thefe  rules,  fo  as  to  have  any  given 
effed  upon  the  eye,  except  when  fome  parts  of  the  profped  are 
very  near  the  fpedator,  and  others  very  diftant  from  him;  be- 
caufe,  in  this  cafe,  regard  mud:  be  had  to  the  conical  or  conoidal 
figure  of  a  furface.  A  right  line  paffing  at  a  fmall  diftance  from 
the  obferver,  and  below  the  level  of  his  eye,  in  that  cafe  almoft 
always  appears  fendbly  curved  at  a  certain  diftance  from  the  eye  ; 
and  almoft  all  figures,  in  this  cafe,  are  fubjed  to  fome  compli¬ 
cated  optical  alteration,  to  which  the  rules  of  perfpedive  have 
not  as  yet  been  extended.  If  a  circle  be  drawn  near  our  feet, 
and  within  that  part  of  the  ground  which  always  appears  level  to 
us,  it  will  always  appear  to  be  a  circle,  and,  at  a  very  confider- 
able  diftance,  it  will  appear  an  ellipfe  ;  but  between  thofe  twro  fi¬ 
xations,  it  will  not  appear  to  be  either  the  one  or  the  other,  but 
will  be  like  one  of  thofe  ovals  of  Defcartes,  which  is  more 
curved  on  one  of  its  fides  than  the  other.* 

On  thefe  principles  a  parterre,  which  appears  diftorted  when 
it  is  feen  in  a  low  lituation,  appears  perfedly  regular  when  it  is 
viewed  from  a  balcony,  or  any  other  eminence.  Still,  however, 
the  apparent  irregularity  takes  place  at  a  greater  diftance,  while 
the  part  that  is  near  the  fpedator  is  exempt  from  it.-f*  If  AB, 
fig-  1 59>  be  the  ground  plane,  and  A  a  be  a  perpendicular,  under  the 
eye,  the  higher  it  is  fituated,  at  O,  to  the  greater  diftance  will 
T,  the  place  at  which  the  plane  begins  to  have  an  apparent  af- 
cent  along  T  b ,  be  removed. 

All  the  varieties  that  can  occur  with  refped  to  the  vifible  mo¬ 
tion  of  objeds,  are  fo  fuccindly  fummed  up  by  Dr.  Porterfield, 

*  Vol.  2,  p.  1 66.  f  lb.  p.  164. 
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under  eleven  heads,  that  I  cannot  do  better  than  prefent  my 
reader  with  them. 

An  objedl  moving  very  fwiftly  is  not  feen,  unlefs  it  be  very 
luminous.  Thus  a  cannon  ball  is  not  feen  if  it  is  viewed  tranf- 
verfely  ;  but  if  it  be  viewed  according  to  the  line  it  defcribes,  it 
may  be  feen,  becaufe  its  picture  continues  long  on  the  fame 
place  of  the  retina  which,  therefore,  receives  a  more  fenfible 
imprefiion  from  the  object. 

2.  A  live  coal  fwung  brifldy  round  in  a  circle  appears  a  con¬ 
tinued  circle  of  fire,  becaufe  the  impreflions  made  on  the  retina 
by  light,  being  of  a  vibrating  and  confequently  of  a  lafting  na¬ 
ture,  do  not  prefently  perifh,  but  continue  till  the  coal  performs 
its  whole  circuit,  and  returns  again  to  its  former  place. 

3.  If  two  objects,  unequally  diftant  from  the  eye,  move  with 
equal  velocity,  the  more  remote  one  will  appear  the  flower  ;  or, 
if  their  celerities  be  proportional  to  their  diftances,  they  will  ap¬ 
pear  equally  fwift. 

4.  If  two  objects,  unequally  difiant  from  the  eye,  move  with 
unequal  velocities,  in  the  fame  direction,  their  apparent  veloci¬ 
ties  are  in  a  ratio  compounded  of  the  direct  ratio  of  their  true 
velocities,  and  the  reciprocal  one  of  their  difiances  from  the  eye. 

5.  A  vifible  object  moving  with  any  velocity  appears  to  be  at 
reft,  if  the  fpace  defcribed  in  the  interval  of  one  fecond  be  im¬ 
perceptible  at  the  difiance  of  the  eye.  Hence  it  is  that  a  near 
object  moving  very  flowly,  as  the  index  of  a  clock,  or  a  remote 
one  very  fwiftly,  as  a  planet,  feems  to  be  at  reft. 

6.  An  object  moving  with  any  degree  of  velocity  will  appear 
at  reft,  if  the  fpace  it  runs  over  in  a  fecond  of  time  be  to  its  dis¬ 
tance  from  the  eye  as  1  to  1400. 
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*  7.  The  eye  proceeding  ftraight  from  one  place  to  another,  a 

lateral  object:,  riot  too  far  off,  whether  on  the  right  or  left,  will 
feem  to  move  the  contrary  way. 

8.  The  eye  proceeding  ftraight  from  one  place  to  another,  and 
being  fenlible  of  its  motion,  diftant  objects  will  feem  to  move 
the  fame  way,  and  with  the  fame  velocity.  Thus,  to  a  perlon 
running  eaii wards,  the  moon  on  his  right  hand  appears  to  move 
the  fame  way,  and  with  equal  fwiftnefs,  for  by  reafon  of  its  dis¬ 
tance,  its  image  continues  fixed  upon  the  fame  place  of  the  re¬ 
tina,  from  whence  we  imagine  that  the  objedt  moves  along 
with  the  eye. 

9.  If  the  eye  and  the  objedt  move  both  the  fame  way,  only 
the  eye  much  fwifter  than  the  objedt,  the  laft  will  appear  to  go 
backwards. 

10.  If  two  or  more  objedts  move  with  the  fame  velocity,  and 
a  third  remain  at  reft,  the  moveable  ones  will  appear  fixed,  and 
the  quiefcent  in  motion,  the  contrary  way.  Thus  clouds  mov¬ 
ing  very  fwiftly,  their  parts  feem  to  preferve  their  fituation,  and 
the  moon  to  move  the  contrary  way. 

1 1 .  If  the  eye  be  moved  with  great  velocity,  lateral  objedts  at 
reft  appear  to  move  the  contrary  way.  Thus  to  a  perfon  fitting 
in  a  coach,  and  riding  brifkly  through  a  wood,  the  trees  feem  to 
retire  the  contrary  way  ;  and  to  people  in  a  ftiip,  &c.  the  Ihores 
feem  to  recede.* 

At  the  conclufion  of  thefe  obfervations,  our  author  endea¬ 
vours  to  explain  another  phenomenon  of  motion,  which,  though 
very  common  and  well  known,  had  not,  as  far  as  he  knew,  been 

explained  in  a  fatisfadlory  manner.  It  is  this.  If  a  perfon  turns 

•  ♦ 

*  Porterfield  on  the  Eye,  Vol,  2,  p,  422. 

fwiftly 


fwiftly  round,  without  changing  his  place,  all  objects  about  will 
feem  to  move  round  in  a  circle  the  contrary  way;  and  this  de¬ 
ception  continues  not  only  while  the  perfon  himfelf  moves 
round,  but  which  is  more  furprifing,  it  alfo  continues  for  fome- 
time  after  he  ceafes  to  move,  when  the  eye  as  well  as  the  objedt 
is  at  abfolute  reft. 

The  reafon  why  objedts  appear  to  move  round  the  contrary 
way,  when  the  eye  turns  round,  is  not  fo  difficult  to  explain  ; 
for  though,  properly  fpeaking,  motion  is  not  feen,  as  not  being 
in  itfelf  the  immediate  objedt  of  fight,  yet  by  the  light  we  eafily 
know  when  the  image  changes  its  place  on  the  retina,  and  thence 
conclude  that  either  the  objedt,  the  eye,  or  both  are  moved. 
But  by  the  light  alone  we  can  never  determine  how  far  this  mo¬ 
tion  belongs  to  the  objedt,  how  far  to  the  eye,  or  how  far  to  both. 
If  we  imagine  the  eye  at  reft,  we  afcribe  the  whole  motion  to 
the  objedt,  though  it  be  truly  at  reft.  If  we  imagine  the  ob¬ 
jedt  at  reft,  we  afcribe  the  whole  motion  to  the  eye,  though  it 
belongs  intirely  to  the  objedt ;  and  when  the  eye  is  in  motion, 
though  we  are  fenlible  of  its  motion,  yet,  if  we  do  not  imagine 
that  it  moves  fo  fwiftly  as  it  really  does,  we  afcribe  only  a  part 
of  the  motion  to  the  eye,  and  the  reft  of  it  we  afcribe  to  the  ob¬ 
jedt,  though  it  be  truly  at  reft.  This  laft,  he  fays,  is  what  hap¬ 
pens  in  the  prefent  cafe,  when  the  eye  turns  round;  for  though 
we  are  fenlible  of  the  motion  of  the  eye,  yet  we  do  not  appre¬ 
hend  that  it  moves  fo  faft  as  it  really  does  ;  and  therefore  the 
bodies  about  appear  to  move  the  contrary  way,  as  is  agreeable  to 
experience. 

But  the  great  difficulty  ftill  remains,  viz.  Why,  after  the  eye 
ceafes  to  move,  objedts  Ihould,  for  fometime,  ftill  appear  to  con- 
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tinue  in  motion,  though  their  pidtures  on  the  retina  be  truly  at 
reft,  and  do  not  at  all  change  their  place.  This,  he  imagined, 
proceeds  from  a  miftake  we  are  in  with  refpedt  to  the  eye,  which, 
though  it  be  abfolutely  at  reft,  we  neverthelefs  conceive  it  as 
moving  the  contrary  way  to  that  in  which  it  moved  before  from 
which  miftake,  with  refpedt  to  the  motion  of  the  eye,  the  ob¬ 
jects  at  reft  will  appear  to  move  the  fame  way  which  the  eye  is 
imagined  to  move  ;  and  confequently,  will  feem  to  continue 
their  motion  for  fome  time  after  the  eye  is  at  reft.* 

* 


CHAPTER  VII. 


Observations  on  the  HORIZONTAL  MOON. 


TH  E  obfervations  of  tfie  antients ,  on  the  fubjedt  of  the 
horizontal  moon ,  have  been  recited  already,  and  we  have 
feen  that  a  good  foundation  was  laid  by  them  for  an  explanation 
of  this  remarkable  phenomenon.  Much  more  light,  however, 
has  been  thrown  upon  this  fubjedt  in  later  times,  and  efpecially 
in  this  laft  period  of  my  hiftory,  fo  that  now  nothing  feems  to 
be  wanting  to  the  complete  illuftration  of  it, 

*  Yol,  2,  p.  424, 
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It  was  the  opinion  of  Alhazen,  and  moft  of  the  antients,  that* 
the  reafon  why  the  fun  and  moon  appear  fo  extraordinarily 
large  near  the  horizon,  is  that  they  are  conceived  to  be  much 
farther  from  us  than  when  they  are  near  the  meridian,  and  that 
the  reafon  why  the  Iky  near  the  horizon  is  imagined  to  be  fo  far 
from  us  is  the  divifion  of  the  fpace  interpofed  betwixt  the  hori¬ 
zon  and  the  eye,  by  a  great  number  of  terreflrial  objects.  Some 
farther  improvement  was  made  in  this  explanation  by  Mr. 
Hobbes,  though  he  fell  into  fome  miftakes  in  his  application  of 
geometry  to  this  fubject.  For  he  obferves  that  this  deception 
operates  gradually,  from  the  very  zenith  to  the  horizon ;  and 
that  if  the  apparent  arch  of  the  fky  be  divided  into  any  number 
of  equal  parts,  thofe  parts,  in  delcending  towards  the  horizon, 
will  gradually  fubtend  a  lefs  and  lefs  'angle.*  And  he  was  the 
firft  who  exprefsly  confidered  the  vaulted  appearance  of  the  Iky, 
as  a  real  portion  of  a  circle. § 

One  would  wonder  that  fo  rational  an  hypothecs  as  this  fhould 
ever  lofe  its  credit,  efpecially  after  being  maintained  by  writers 
of  reputation,  and  for  a  great  number  of  years.  But  it  was  ge¬ 
nerally  imagined  that  the  actual  perception  of  thofe  objects  which 
divide  the  fpace  that  is  interpofed  betwixt  the  eye  and  the  hori¬ 
zon  was  neceffary,  in  order  to  its  fuggefting  the  idea  of  its  ex¬ 
traordinary  diftance,  and  this  general  mifconception  afforded  a 
handle  for  feveral  objections.  Thus  Father  Gouye,  thinking  to 
overturn  this  opinion,  obferves  that  the  horizontal  moon  appears 
equally  large  acrofs  the  fea,  where  there  are  no  objects  to  pro¬ 
duce  the  effect  afcribed  to  them  and  Mr.  Molyneux  fays,  that 
if  the  commonly  received  hypothecs  be  true,  we  may  at  any 

*  Robins’s Tradts,  Vol.  z ,  p.  241.  §  lb.  p.  244.  t  Ac.  Par.  1700,  p.  n. 
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time  increafe  the  apparent  magnitude  of  the  moon,  even  in  th^ 
meridian ;  for,  in  order  to  divide  the  fpace  betwixt  it  and  the 
eye,  we  need  only  to  look  at  it  from  behind  a  duller  of  chim- 
nies,  the  ridge  of  a  hill,  or  the  top  of  a  houfe.  He  alfo  makes 
the  fame  obfervation  with  Father  Gouye,  above  mentioned,  and 
farther  obferves,  that  when  the  fight  of  all  the  intermediate  ob- 
jedts  is  cut  off,  by  looking  through  a  tube,  the  imagination  is  not 
helped,  the  moon  being  flill  conceived  to  be  as  large  as  before. 
He  then  endeavours  to  refute  the  opinions  of  Hobbes,  and  Gaf- 
fendi  upon  the  fubjedt ;  but  he  concludes  without  advancing  any 
hypothecs  of  his  own.* 

Dr.  Defaguliers  very  well  illuftrated  the  dodtrine  of  the  hori¬ 
zontal  moon,  upon  the  fuppofition  of  our  imagining  the  vifible 
heavens  to  be  only  a  fmall  portion  of  a  fpherical  furface,  and 
confequently  fuppofing  the  moon  to  be  farther  from  us  in  the 
horizon  than  near  the  zenith  ;  and  by  feveral  ingenious  contri¬ 
vances  he  demonflrated  how  liable  we  are  to  fuch  deceptions. 
In  the  prefence  of  feveral  fpedlators,  he  placed  twTo  equal  candles, 
at  a  confiderable  diflance  from  one  another ;  which,  as  the  dis¬ 
tance  was  diflindlly  perceived,  continued  to  appear  equal  to  them 
all  i  but  taking  off  their  attention  for  a  little  time,  he  removed 
the  farther  candle  ;  and,  in  the  fame  line  in  which  it  had  appear¬ 
ed,  fubflituted  another,  much  lefs  than  it,  but  nearer  j  when 
the  fpedlators,  being  informed  that  the  candle  was  changed,  but 
taking  it  for  granted  that  the  new  one  was  put  in  the  fame  place, 
always  pronounced  that  it  was  as  large  as  the  other.  Fie  made 
the  fame  experiment  with  equal  fuccefs  when  he  made  ufe  of 
ivory  balls  inflead  of  candles. § 

*  Phil.  Tranf.  ab.  Vol.  r,  p.  zzi.  §  lb.  Vol.  8,  p.  130, 
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But  the  writer  to  whom  we  are  obliged  for  the  moft  complete 
illuftration  of  this  curious  fubjedl,  is  Dr.  Smith,  who,  without 
feeming  to  imagine  that  any  juft  ideas  on  the  fubjedl  had  occur¬ 
red  to  any  perfon  before  himfelf,  took  it  up  as  from  the  begin¬ 
ning  ;  particularly  refuting  the  hypothecs  of  Biftiop  Berkley, 
who  fuppofed  that  the  moon  appears  larger  near  the  horizon,  be- 
caufe  her  appearance  is  then  fainter,  and  her  beams  affedt  the  eye 
lefs.  As  Dr.  Smith’s  account  of  this  phenomenon  is  very  full  and 
fatisfadlory,  and  he  has  added  feveral  ingenious  illuftrations  up¬ 
on  the  fubjedl:,  I  lhall  prefent  my  reader  with  a  pretty  large  ac¬ 
count  of  it. 

If  the  furface  of  the  earth  were  perfectly  plane,  he  fays  that 
the  diftance  of  the  vifible  horizon  from  the  eye  would  fcarce  ex¬ 
ceed  5000  times  the  heigh  th  of  the  eye  above  the  ground,  or  the 
diftance  of  five  miles  (fuppofing  the  height  of  the  eye  to  be  be¬ 
tween  five  and  fix  feet)  and  all  objedts  placed  beyond  that  dif¬ 
tance  would  appear  in  the  vifible  horizon.  All  objedts  and 
clouds,  likewife,  placed  at  any  diftance  beyond  this  muft,  con- 
fequently,  if  they  be  vifible  at  all,  appear  to  be  in  the  horizon. 
Hence,  he  fays,  if  we  fuppofe  a  vaft  wall  to  be  built  at  the  ex¬ 
tremity  of  the  plane,  beyond  the  point  of  vifible  diftance,  it  will 
not  appear  ftraight,  but  circular,  as  if  built  upon  the  circum¬ 
ference  of  the  horizon;  and,  if  continued  infinitely,  would  make 
a  perfedl  femicircle.  If  now  this  round  plane,  with  the  wall 
upon  it,  be  imagined  to  be  raifed,  till  it  come  perpendicular  to 
the  reft  of  the  plane,  on  which  a  perfon  ftands,  the  wall  will 
appear  like  the  concave  figure  of  the  clouds  over  his  head.  But 
though  the  wall  in  the  horizon  appear  in  the  (hape  of  a  femi¬ 
circle,  yet  the  cieling  will  not,  but  much  flatter  3  becaufe  the 
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horizontal  plane  was  a  vifible  furface,  which  fuggefted  the  idea 
of  the  fame  diftances  quite  round  the  eye,  but  in  the  vertical* 
plane,  extended  between  the  eye  and  the  cieling,  there  is  no¬ 
thing  that  aftedts  the  fenfe  with  an  idea  of  its  parts.  Confe- 
quently,  the  apparent  diftances  of  the  higher  parts  of  the  ciel¬ 
ing  will  be  gradually  diminifhed.  Now  when  the  fky  is  quite 
over  caft  with  clouds  of  equal  gravities,  they  will  all  float  in  the 
.  air  at  equal  heights  above  the  earth,  and  confequently  will  com- 
pofe  a  furface  refembling  a  large  cieling,  as  flat  as  the  vifible  fur- 
face  of  the  earth.  Its  concavity,  therefore,  is  not  real,  but  ap¬ 
parent  ;  and  when  the  heights  of  the  clouds  are  unequal,  ftnce 
their  real  fhapes  and  magnitudes  are  all  unknown,  the  eye  can 
feldom  diftinguifh  the  unequal  diftances  of  thofe  clouds  which  ap¬ 
pear  in  the  fame  directions,  unlefs  when  they  are  very  near  us, 
or  are  driven  by  contrary  currents  of  the  air.  So  that  the  viflble 
fhape  of  the  whole  furface  remains  alike  in  both  cafes.  And 
when  the  fky  is  either  partly  overcaft,  or  perfectly  free  from 
clouds,  it  is  a  fadt  that  we  retain  much  the  fame  idea  of  its  con¬ 
cavity,  as  when  it  was  quite  overcaft.  But  if  any  one  thinks 
that  the  reflexion  of  light  from  the  pure  air  is  alone  fuflicient  to 
fuggeft  that  idea,  he  would  not  difpute  it. 

The  concavity  of  the  heavens  appears  to  the  eye,  which  is  the 
only  judge  of  an  apparent  figure,  to  be  a  lefs  portion  of  a  fphe- 
rical  furface  than  an  hemifphere.  In  other  words,  he  fays,  the  cen¬ 
ter  of  the  concavity  is  much  below  the  eye,  and  by  taking  a  me¬ 
dium  among  feveral  obfervations,  he  found  the  apparent  diftance 
of  its  parts  at  the  horizon  was  generally  between  three  and  four 
times  greater  than  the  apparent  diftance  of  its  parts  over  head.* 

*  Smith’s  Optlcks,  Vol.  i,  p.  63. 
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This  he  determined  by  meafuring  the  adtual  height  of  fome 
of  the  heavenly  bodies,  when,  to  his  eye,  they  feemed  to  be 
half  way  between  the  horizon  and  the  zenith.  In  this  cafe 
their  real  altitude  was  only  23  degrees.  When  the  fun  was  but 
30  degrees  high,  the  upper  arch  always  appeared  lefs  than  the 
under,  and  he  thought  that  it  was  always  greater  when  the  fun 
was  about  18  or  20  degrees  high. 

M.  Folkes  obferved  to  our  author,  that  the  apparent  diftance 
of  the  fun  or  moon  at  any  given  place  might  be  computed  within 
certain  limits,  by  conceiving  a  perpendicular  to  fall  upon  the 
ground  from  any  of  the  heavenly  bodies,  when  they  feemed  to 
be  half  way  between  the  horizon  and  the  zenith,  and  by  taking 
notice  of  fome  mark  where  it  is  imagined  to  fall ;  upon  which 
he  found  that  feveral  perfons  handing  together  would  agree  in 
their  judgments  very  nearly,  then  having  meafured  that  diftance, 
and  taken  the  altitude  of  the  heavenly  bodies,  their  apparent 
diftance  from  it  might  eafily  be  found  by  a  cafe  in  plane  trigo¬ 
nometry.* 

Mr.  Robins  jfhews  a  method  of  determining  the  apparent  con¬ 
cavity  of  the  Iky  in  a  more  accurate  and  geometrical  method  ;  by 
which  it  appears  that,  if  the  altitude  of  any  of  the  heavenly  bo¬ 
dies  be  20  degrees  at  the  time  that  it  feems  to  be  half  way  be¬ 
tween  the  horizon  and  the  zenith,  the  horizontal  diftance  will 
hardly  be  lefs  than  four  times  the  perpendicular  diftance  ;  but  if 
that  altitude  be  28  degrees,  it  will  be  little  more  than  two  and 
an  half.  § 

Dr.  Smith,  having,  in  the  manner  above  mentioned,  deter¬ 
mined  the  apparent  figure  of  the  Iky,  is  able  to  give  a  moft 

*  Remarks,  p.  53.  §  Robins’s  Traits,  Vol.  2,  p.  245. 
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fatisfaRory  explanation  of  the  phenomenon  of  the  horizontal 
moon,  and  other  fimilar  appearances  in  the  heavens.  For  fup- 
poling  the  arch  ABC,  fig.  160,  to  reprefent  that  apparent  con¬ 
cavity,  he  found  that  the  diameter  of  the  fun  and  moon  would 
fcem  to  be  greater  in  the  horizon  than  at  any  propofed  altitude, 
meafured  by  the  angle  AOB,  in  the  proportion  of  its  apparent 
diliances  OA,OB.  The  numbers  that  exprefs  thefe  proportions 
he  reduced  into  the  following  table,  anfwering  to  the  correfpond- 
ing  altitudes  of  the  fun  or  moon,  which  are  alfo  exactly  repre- 
fented  to  the  eye  in  the  figure, 
in  which  the  moons,  placed 
in  the  quadrantal  arch  FG, 
defcribed  about  the  center  O, 
are  all  equal  to  each  other,  and 
reprefent  the  body  of  the  moon 
at  the  heights  there  noted,  and 
the  unequal  moons  in  the  con¬ 
cavity  ABC,  are  terminated  by 
the  vifual  rays  that  come  from 
the  circumference  of  the  real 
moon,  at  thofe  heights,  to  the  eye  at  O.  The  diameters  of 
thofe  unequal  moons,  at  A  and  B,  do,  therefore,  bear  the  fame 
proportion  to  each  other,  as  their  apparent  distances  OA,OB ; 
and  they  mull  appear  in  the  very  fame  proportion  that  they  real¬ 
ly  have  in  this  concave,  becaufe  we  judge  all  objedls  in  the  hea¬ 
vens  to  be  in  this  very  furface  ;  fo  that  the  appearance  to  the  eye 
is  exa&ly  the  fame,  as  if  feveral  moons  were  painted  upon  a  real 
furface  ABC,  in  the  proportions  here  affigned ;  in  which  cafe 
We  Ihould  certainly  judge  the  real  magnitudes  of  the  larger 
paintings  of  the  lower  moon  to  be  really  larger,  though  the  vi- 
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iible  magnitudes  of  them  all,  anfwering  to  their  equal  images 
upon  the  retina,  were  exadlly  equal. 

For  the  fame  reafon,  our  author  obferves,  that  all  other  ob- 
jedts  and  diftances  of  liars  in  the  heavens,  as  well  as  the  fun  and 
moon,  mull  feem  to  be  greater  in  the  horizon  than  in  higher 
fituations ;  and  it  is  well  known  they  do  fo.  Hence  he  deduces 
another  experimental  proof,  that  his  proportions  of  the  apparent 
magnitudes  of  the  moon  are  exactly  adigned.  For  this  purpofe 
he  directs  us  to  take  notice  of  the  didance  of  any  two  dars  that 
lie  very  near  each  other,  and  as  high  as  podible,  and  at  the  fame 
time  pick  out  two  other  dars  fituated  as  low  as  poffible,  whole 
dillance  from  each  other  feems  to  be  equal  to  that  of  the  two 
higher  liars,  and  then  find  their  real  didances,  by  a  globe  or  by 
calculation,  which  will  ffiew  that  the  dars  near  the  horizon  are 
much  nearer  than  we  imagine  them  to  be  with  relpedl  to  the 
didance  of  the  two  other  dars.* 

Dr.  Smith  alfo  obferves  that  the  apparent  concave  of  the  Iky 
being  lefs  than  an  hemifphere,  is  the  caufe  that  the  breadths  of 
the  colours  in  the  inward  and  outward  rainbows,  and  the  inter¬ 
val  between  the  bows,  appear  lead  at  the  top,  and  greated  at  the 
bottom  ;  and  by  an  edimate  of  the  apparent  breadths  of  the  in¬ 
ward  rainbow,  at  two  different  heights,  made  by  a  friend,  he  de¬ 
termined  the  apparent  concavity  of  the  iky  to  be  much  the  fame 
as  by  the  former  methods.  Fie  alfo  took  it  to  be  owing  to  the 
fame  caufe,  that  a  halo  about  the  fun  or  moon  does  not  appear 
circular,  and  concentric  to  the  fun  or  moon,  but  oval  and  excen- 
tric,  with  its  longed  diameter  perpendicular  to  the  horizon,  and 


*  Smith’s  Opticks,  Vol.  2,  p.  64. 
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extended  from  the  moon  farther  downwards  than  upwards,  as 
Sir  Ifaac  Newton  has  defcribed  one  of  them.* 

This  theory  of  the  horizontal  moon  is  alfo  confirmed  by  the 
appearances  of  the  tails  of  comets,  which,  whatever  be  their 
real  figure,  magnitude,  and  fituation,  in  abfolute  fpace,  do  al¬ 
ways  appear  to  be  an  arch  of  the  concave  fky ;  and  in  farther 
confirmation  of  it,  he  gives  us  Mr.  Cotes’s  explanation  of  the 
optical  appearance  of  a  remarkable  meteor,  feen  in  the  year 
I7i6-§ 

To  Dr.  Smith’s  explanation  of  the  appearance  of  the  horizon¬ 
tal  moon,  I  mufl  add  his  account  of  an  exadtly  fimilar  appear¬ 
ance,  through  a  lens,  where  the  fuppofed  magnitude  varies  with 
the  fuppofed  diflance,  when  the  angle  it  makes  with  the  eye  is 
the  fame.  Let  the  objedt  PQR,  fig.  161,  be  a  wafer  fluck  up¬ 
on  a  card,  or  white  paper,  fixed  upon  a  board  j  or  it  may  be  any 
round  diftindt  fpot,  whofe  diameter  is  at  leaf:  three  or  four  times 
lefs  than  the  diameter  of  the  aperture  of  the  lens  AB.  Then 
let  this  objedt  and  the  lens  be  both  fixed  upon  a  longer  board, 
MN,  at  an  interval  from  each  other  exadtly  ecjual  to  the 
focal  diftance  of  the  lens.  When  the  board  MN  is  firmly 
fixed,  upon  a  level  with  the  eye  of  the  obferver,  let  him  recede 
for  the  fpace  of  four  or  five  focal  diftances  from  the  lens,  till 
the  wafer,  feen  juft  behind  it,  feems  to  fill  its  aperture,  or  near 
it.  Let  him  then  imagine  this  apparent  magnitude  and  diftance 
of  the  wafer  from  his  eye  to  reprefent  the  apparent  magnitude 
and  diftance  of  the  horizontal  moon ;  and  while  he  is  returning 
gradually  towards  the  lens,  the  apparent  magnitude  of  the  wafer 
will  feem  to  decreafe,  in  proportion  to  the  decreafe  of  its  appa- 

*  Smith’s  Opticks,  Vol,  2,  p.  6(5.  §  lb.  p.  67. 
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rent  diftance  from  his  eye.  Thefe  two  phenomena,  he  fays,  a- 
gree  in  the  only  circumftance  that  creates  the  difficulty  in  ex¬ 
plaining  the  appearances  of  the  moon,  viz.  that  each  of  the  vi- 
fual  angles,  under  which  the  wafer  and  the  moon  appear,  con¬ 
tinue  invariable.  Nor  could  he  think  of  any  one  circumftance, 
immediately  perceivable  by  the  fight,  in  which  thefe  two  pheno¬ 
mena  do  not  agree,  fince  the  refractions  of  the  rays  at  the  lens 
do  no  more  affeCt  the  eye  than  if  they  had  come  ftraight  through 
a  plane  glafs,  from  an  increafing  and  decreafing  wafer  placed  juft 
behind  it.* 

It  may  be  objected  to  this  theory  of  the  horizontal  moon,  that 
lince  the  horizon,  feen  from  the  top  of  a  mountain,  appears 
more  diftant  than  it  does  from  below,  the  horizontal  moon  fhould 
alfo  appear  larger  from  above  than  below,  which  Dr.  Smith  be¬ 
lieves  to  be  contrary  to  experience  ;  but  he  fays,  it  muft  be  con- 
fidered  that  any  prefent  profpeCt  of  the  moon  and  the  horizon 
together  cannot  fo  much  fuggeft  a  new  idea  of  a  certain  deter¬ 
minate  magnitude  of  her  difc  (the  power  of  eftimation  by  the 
eye  being  too  weak,  and  inaccurate  for  this  purpofe)  as  it  revives 
an  old  eftablifhed  idea  of  it,  refulting  from  a  long  experience  of 
innumerable  profpeCts,  of  various  moons  and  horizons,  feen  from 
various  fituations.  Our  idea  of  the  magnitude  of  the  horizon¬ 
tal  moon  is,  therefore,  about  a  medium,  taken  from  all  our  ob- 
fervations,  and  is  fo  rooted  in  our  minds,  as  not  to  be  altered, 
but  only  confirmed  by  any  fingle  one.  The  fame  may  be  faid 
of  our  idea  of  the  moon  at  every  particular  degree  of  altitude. 
For  this  reafon  the  former  ideas  may  continue  much  the  fame, 
though  the  prefent  view  of  the  horizon  be  quite  intercepted  by 
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the  interpofition  of  any  near  obje&s,  and  even  that  of  the  am¬ 
bient  iky,  alfo  by  the  fides  of  a  tube,  when  the  moon  is  feen 
through  it.  For  we  retain  in  memory  very  diftindt  ideas  of  the 
magnitudes  of  the  moon  for  a  long  time.  Neverthelefs,  in  a 
long  courfe  of  experience,  if  it  happen  very  rarely  that  the 
magnitude  of  the  picture  of  the  horizontal  moon  is  conliderably 
altered  by  any  means  whatever,  this  powerful  caufe  will  imme¬ 
diately  alter  our  eftablifhed  idea  of  her  ufual  magnitude,  as  any 
perfon  will  find  by  viewing  the  moon  through  a  fpedtacle  glafs, 
moved  a  little  from  his  eye.* 

Upon  Dr.  Smith’s  communicating  his  determination  of  the 
figure  of  the  fky  to  Mr.  Folkes,  this  gentleman  obferved 
to  him,  that  the  fky  had  frequently  appeared  of  a  conchoidal 
fhape,  having  little  or  no  concavity  near  the  horizon,  which  Dr. 
Smith  himfelf  alfo  thought  is  frequently  very  evident ;  but  he 
obferves  that  neither  the  proportion  of  the  apparent  diflances  of 
its  vertical  and  horizontal  parts,  nor  the  method  of  determining 
it  is  fenfibly  altered  thereby.  § 

Befides  this  general  caufe  of  the  appearance  of  the  horizontal 
moon,  Dr.  Smith  acknowledges  that,  at  different  times,  the 
moon  appears  of  different  magnitudes  even  in  the  fame  horizon, 
and  now  and  then  of  a  fize  extraordinarily  large.  This,  he  was 
inclined  to  believe,  is  chiefly  owing  to  an  extraordinary  large- 
nefs  of  her  pidture  upon  the  retina,  which,  in  the  preceding 
general  theory,  was  fuppofed  to  be  invariable.  This,  he  fays, 
might  belt  be  examined,  by  taking  the  diameter  of  the  moon 
with  a  micrometer,  or  by  noting  the  year  and  day  of  the  month, 
together  with  the  heights  of  the  barometer  and  thermometer. 


*  Remarks,  p.  54.  §  lb.  p.  52. 
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.For  if  it  fhould  appear,  by  many  fuch  obfervations,  that  the  largeft 
horizontal  moons  generally  happen  at  her  perigee,  in  the  warm- 
eft  fummer  evenings,  the  barometer  being  low,  and  the  thermo¬ 
meter  high  ;  fince  thefe  caufes  are  independent  of  one  another, 
and  all  confpire  to  enlarge  the  pi&ure  of  the  moon,  we  may  rea- 
fonably  conclude  that  thefe  extraordinary  moons  are  chiefly 
owing  to  the  concurrence  of  thefe  three  circumftances.*  But 
fince  the  difference  in  the  apparent  magnitude  of  the  moons  is 
not  increafed  -Ath  part  of  the  whole  in  confequence  of  her  be¬ 
ing  in  her  perigee,  and  the  enlargement  of  the  image  in  all  the 
other  cafes  here  mentioned  it  very  inconfiderable,  it  is  probable 
that  when  the  moon  is  imagined  to  be  fo  much  larger  than  ufual, 
the  imagination  is  farther  impofed  upon  by  fome  circumftances, 
which  have  not  been  attended  to. 


CHAPTER  VIII. 


Miscellaneous  FALLACIES  IN  VISION. 


A  VARIETY  of  fallacies  in  vifion  have  been  already  ex¬ 
plained,  under  the  preceding  heads  of  this  fe&ion,  and 
feveral  of  thofe  that  furnifti  materials  for  this  part  might  have 
been  arranged  under  fome  of  them ;  but  rather  than  every  thing 
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under  any  particular  title  fhould  not  manifeftly  belong  to  it,  I 
have  referved  thefe  obl'ervations  for  a  mifcellaneous  chapter; 
which,  as  it  contains  fome  curious  particulars,  will,  I  hope,  give 
my  reader,  a  little  entertainment. 

Mr.  Molyneux  propofed  a  famous  problem  concerning  vifion, 
which  has  occafioned  a  good  deal  of  fpeculation,  and  controverfy 
among  philofophers  and  metaphyficians.  It  is  whether  a  man, 
who,  when  he  was  blind,  had  handled  both  a  globe,  and  a  cube, 
fo  as  readily  to  diftinguifh  them  by  the  touch,  could  diftinguifh 
them  by  his  eye,  after  recovering  his  fight.  The  propofer  deter¬ 
mined  this  queftion  in  the  negative,  and  Mr.  Locke  feems  to 
have  affented  to  his  determination,  upon  the  principle  that  ideas 
of  fight  and  touch  have  no  natural  relation  to  one  another  ;  but 
that  all  the  connection  they  have  is  an  arbitrary  alfociation  of 
ideas,  the  fame  that  words  have  with  things.  But  Dr.  Jurin 

obferves,  that  the  blind  man  having  the  globe  and  the  cube 

\ 

fhewn  to  him,  and  being  told  that  they  were  the  globe  and  cube, 
if  he  viewed  them  attentively,  and  efpecially  if  he  walked 
round  them,  could  not  but  obferve  that,  both  to  the  touch  and 
the  fight,  the  globe  prefented  the  very  fame  appearance  ;  where¬ 
as  the  cube  exhibited  a  confiderable  variety,  whether  it  was  feen 
or  felt  in  different  directions  ;  and  by  this  means  might  be  able 
to  pronounce  which  was  the  globe,  and  which  the  cube.* 

I  cannot  help  affenting  to  Dr.  Jurin’s  folution.  It  is  certain 
that  pictures  upon  the  retina  give  no  idea  of  any  thing  more  than 
flat  furfaces  ;  but  then  thefe  have  the  fame  differences  in  the  eye 
that  they  have  in  reality,  by  which  they  may,  therefore,  be  dif- 
tinguifhed  from  one  another;  fo  that  a  circle  might  be  known 
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from  a  fquare,  though  a  fquare  might  not  be  diftinguifhed  from 
a  cube,  nor  a  flat  circle  from  a  globe,  at  leafl:  without  attentive¬ 
ly  confidering  the  change  of  their  appearance  in  different 
fituations. 

As  Cheflelden’s  account  of  the  young  man  whom  he  couched, 
is  often  quoted  upon  this  fubjedt,  it  would  be  to  fupprefs  an 
important  part  of  the  evidence,  not  to  recite  it,  I  fhall,  there¬ 
fore  do  it,  as  Dr.  Smith  has  done,  in  his  own  words.  I  alfo 
chufe  to  infert  this  relation,  becaufe  it  has,  on  other  accounts,  a 
near  connection  with  my  fubjedt,  and  becaufe  it  cannot  fail  to  be 
very  pleafing  to  my  reader. 

Though  this  gentleman  was  blind ,  as  is  faid  of  all  perfons 
who  have  ripe  cataradts,  yet  they  are  never  fo  blind,  from  that 
caufe,  but  that  they  can  difcern  day  from  night ;  and  for  the  moft 
part,  in  a  ftrong  light,  diftinguifh  black,  white,  and  fcarlet; 
but  they  cannot  perceive  the  fhape  of  any  thing.  For  the  light 
by  which  thefe  perceptions  are  made  being  let  in  obliquely, 
through  the  aqueous  humour,  or  the  interior  furface  of  the  cry- 
ftalline  (by  which  the  rays  cannot  be  brought  to  a  focus  upon 
the  retina)  they  can  difcern  in  no  other  manner  than  a  found  eye 
can  through  a  glafs  of  broken  jelly,  where  a  great  variety  of 
furfaces  refradt  the  light  fo  differently,  that  the  feveral  diflindl 
pencils  of  rays  cannot  be  colledted  by  the  eye  into  their  proper 
foci ;  wherefore  the  fhape  of  an  object,  in  fuch  a  cafe,  cannot 
be  at  all  difcerned,  though  the  colour  may.  Thus  it  was  with 
this  young  gentleman,  who,  though  he  knew  thefe  colours  a- 
funder,  in  a  good  light,  yet  when  he  faw  them  after  he  was 
couched,  the  faint  ideas  he  had  of  them  before  were  not  fuffici- 
ent  for  him  to  know  them  by  afterwards,  and  therefore  he  did 
not  think  them  the  fame  which  he  had  before  known  by  thole 
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names.  Now  fcarlet  he  thought  the  moft  beautiful  of  all  others, 
and  of  the  reft  the  moft  gay  were  the  moft  pleating;  whereas  the 
firft  time  he  faw  black,  it  gave  him  great  uneatinefs  ;  yet  after  a 
little  time  he  was  reconciled  to  it,  but  fome  months  after  feeing, 
by  accident,  a  negro  woman,  he  was  ftruck  with  great  horror 
at  the  tight. 

When  he  firft  faw,  he  was  fo  far  from  making  any  judgment 
about  dijlances,  that  he  thought  all  objedts  whatever  touched  his 
eyes  (as  he  exprefied  it)  as  what  he  felt  did  his  ftdn,  and  he 
thought  no  objects  fo  agreeable  as  thofe  which  were  fmooth  and 
regular,  though  he  could  form  no  judgment  of  their  ftiape,  or 
guefs  what  it  was  in  any  objedl  that  was  pleating  to  him.  He 
knew  not  the  ftiape  of  any  thing,  nor  any  one  thing  from  ano¬ 
ther,  however  different  in  ftiape  or  magnitude  ;  but  upon  being 
told  what  things  were,  the  form  of  which  he  before  knew  from 
feeling,  he  would  carefully  obferve  them,  that  he  might  know 
them  again  ;  but  having  too  many  objects  to  learn  at  once,  he 
forgot  many  of  them,  and,  as  he  faid,  at  firft  he  learned  to  know, 
and  again  forgot  a  thoufand  things  in  a  day.  The  Dodtor  fays, 
that  having  often  forgot  which  was  the  cat,  and  which  the  dog, 
he  was  aftiamed  to  afk  ;  but  catching  the  cat  (which  he  knew  by 
feeling)  he  was  obferved  to  look  at  her  ftedfaftly,  and  then  fet- 
ting  her  down  faid,  “  fo  Pufs,  I  ftiall  know  you  another  time.” 
He  was  very  much  furprifed  that  thofe  things  which  he  had  lik¬ 
ed  beft  did  not  appear  moft  agreeable  to  his  eyes,  expedting  thofe 
perfons  would  appear  moft  beautiful  that  he  loved  moft,  and 
thofe  things  to  be  moft  agreeable  to  his  tight,  which  were  fo 
to  his  tafte.  It  was  thought  he  would  foon  know  what 
things  pidtures  reprefented,  but  it  appeared  afterwards  that  he 
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did  not.  For  about  two  months  after  he  was  couched,  he  dif- 
covered  at  once,  that  they  reprefented  folid  bodies,  when  till  that 
time  he  had  confidered  them  only  as  party  coloured  planes,  or  fur- 
faces  diverlified  with  variety  of  paint ;  but  even  then  he  was  no 
lefs  furprized,  expecting  the  pictures  would  feel  like  the  things 
they  reprefented  ;  and  was  amazed  when  he  found  thofe  parts, 
which,  by  their  light  and  fhadow,  appeared  now  round  and 
uneven,  felt  only  flat,  like  the  reft,  and  afked  which  was  the 
lying  fenfe,  feeling,  or  feeing. 

Being  fliewn  his  father’s  picture,  in  a  locket,  -  at  his  mother’s 
watch,  and  being  told  what  it  was,  he  acknowledged  it  to  be  a 
likenefs ;  but  was  greatly  furprized  that  a  large  face  could  be  ex- 
prefled  in  fo  little  room  ;  faying  that  it  feemed  as  impoflible  to 
him,  as  to  put  a  bufhel  of  any  thing  into  a  pint. 

At  firfl:  he  could  bear  very  little  light,  and  he  thought  every 
thing  to  be  extremely  large ;  but  upon  feeing  things  that  were 
larger,  he  conceived  the  firfl:  to  be  lefs,  not  being  able  to  ima¬ 
gine  any  lines  beyond  the  bounds  which  he  faw.  The  room  he 
was  in,  he  faid,  he  knew  to  be  but  part  of  the  houfe,  yet  he 
could  not  conceive  that  the  whole  houfe  could  look  larger.  Be¬ 
fore  he  was  couched,  he  expedled  little  advantage  from  feeing 
worth  undergoing  an  operation  for,  except  reading  and  writing ; 
for  he  faid  he  thought  he  could  have  no  more  pleafure  in  walk¬ 
ing  abroad  than  he  had  in  the  garden,  which  he  could  do  fafely 
and  readily.  And  even  blindnefs,  he  obferved,  had  this  advan¬ 
tage,  that  he  could  go  any  where  in  the  dark,  much  better  than 
thofe  who  can  fee ;  and  after  he  came  to  fee,  he  did  not  foon  lofe 
this  advantage,  fo  as  to  defire  a  light  to  go  about  the  houfe  in 
the  night. 
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He  faid  every  new  objedt  gave  him  new  delight,  and  the  plea- 
fure  was  fo  great,  that  he  was  not  able  to  exprefs  it ;  but  his 
gratitude  to  his  operator  was  exceedingly  great,  not  being  able 
to  fee  him  for  fome  time  without  tears  of  joy  in  his  eyes,  and 
other  marks  of  affedtion.  A  year  after  his  firfl  feeing,  being  car¬ 
ried  upon  Epfom  downs,  where  he  had  an  extend ve  profpedt,  he 
was  exceedingly  delighted  with  it,  and  called  it  a  new  kmd  of 
feeing. 

When  he  was  couched  of  his  other  eye,  he  faid  that  objedts 
at  firfl:  appeared  large  to  that  eye  ;  but  not  fo  large  as  they  did  at 
frit  to  the  other  ;  and  looking  upon  the  fame  objedl  with  both 
eyes,  he  thought  it  looked  about  twice  as  large,  as  with  the  firfl: 
couched  eye  only,  but  not  double,  as  far  as  could  be  difcovered. 

Mr.  Cheflelden  brought  feveral  other  pcrfons  to  their  fight, 
who  had  no  remembrance  of  ever  having  feen,  and  they  all  gave 
the  fame  account  of  their  learning  to  fee ,  as  they  called  it,  with 
the  young  perfon  above  mentioned,  though  not  in  fo  many  par¬ 
ticulars  ;  and  they  all  had  this  in  common,  that,  having  never 
had  occafion  to  move  their  eyes,  they  knew  not  how  to  do  it,  and 
at  firfl  could  not  diredt  them  to  any  particular  objedl;  but  in 
time  they  acquired  that  power,  though  by  flow  degrees.* 

The  moft  extraordinary  circumflance  in  this  account  is  that 
objedts  did  not  appear  double  upon  their  firfl:  looking  at  them 
with  both  eyes,  fince  a  variety  of  other  obfervations  feem  to 
prove  that  it  is  only  by  a  ready  aflociation  of  ideas,  in  confe- 
quence  of  much  experience,  that  we  conclude  an  objedl  is  Angle, 
when  there  is  a  diftindl  pidlure  of  it  in  each  eye.  Dr.  Reid, 
however,  as  we  have  feen,  is  of  a  different  opinion,  and  doth 
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not 


Sec.  XII. 


IN  VISION. 


725 

not  fail  to  avail  himfelf  of  thefe  obfervations  of  Chiffelden  in 
favour  of  his  hypothecs. 

M.  Le  Cat  well  explains  a  remarkable  deception,  by  which  a 
perfon  fliall  imagine  an  objedt  to  be  on  the  oppofite  fide  of  a 
board,  when  it  is  not  fo,  and  alfo  inverted,  and  magnified.  It 
is  illuflrated  by  fig.  162,  in  which  D  reprefents  the  eye,  and 
CB  a  large  black  board,  pierced  with  a  fmall  hole.  E  is  a 
large  white  board,  placed  beyond  it,  and  flrongly  illuminated, 
and  d  a  pin,  or  other  fmall  objedl,  held  betwixt  the  eye  and  the 
firft  board.  In  thefe  circumflances,  the  pin  fliall  be  imagined 
to  be  at  F,  on  the  other  fide  of  the  board,  where  it  will  appear 
inverted,  and  magnified  ;  becaufe  what  is,  in  fad*,  perceived,  is 
the  fliadow  of  the  pin  upon  the  retina ;  and  the  light  that  is 
flopped  by  the  upper  part  of  the  pin,  coming  from  the  lower 
part  of  the  enlightened  board,  and  that  which  is  flopped  by  the 
lower  part  coming  from  the  upper  part  of  the  board,  the  fliadow 
mufl  neceffarily  be  inverted,  with  refpedt  to  the  objecl.* 

There  is  a  curious  phenomenon  relating  to  vifion,  which  fome 
perfons  have  afcribed  to  the  inflexion  of  light,  but  which  Mr. 
Melville  explains  in  a  very  different  and  very  fimple  manner. 

When  any  opaque  body  is  held  at  the  diflance  of  three  or  four 
inches  from  the  eye,  fo  that  a  part  of  fome  more  diflant  lumi¬ 
nous  objedt,  fuch  as  the  window,  or  the  flame  of  a  candle,  may 
be  feen  by  rays  palling  near  its  edge,  if  another  opaque  body, 
nearer  to  the  eye,  be  brought  acrofs  from  the  oppofite  fide,  the 
edge  of  the  firfl  body  will  feem  to  fwell  outwards,  and  meet  the 
latter ;  and  in  doing  fo  will  intercept  a  portion  of  the  luminous 
object  that  was  feen  before. 


*  Traite  des  Sens,  p.  29 S, 
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This  appearance  he  explains  in  the  following  manner  :  Let 
AB,  fig.  163,  reprefent  the  luminous  object,  to  which  the  fight 
is  directed,  CD  the  more  diflant  opaque  body,  GH  the  nearer, 
and  EF  the  diameter  of  the  pupil.  Join  ED,  FD,  EG,  FG, 
and  produce  them  till  they  meet  AB  in  K,  N,M,  and  L.  It  is 
plain  that  the  parts  AN,  MB  of  the  luminous  objedt  cannot  be 
leen.  But  taking  any  point  a  between  N  and  K,  and  drawing 
aT>  d,  fmce  the  portion  d  F  of  the  pupil  is  filled  with  light  flow¬ 
ing  from  that  point,  it  muff  be  vifible.  Any  point  b ,  between  a 
and  K,  mufl  fill  y’F,  a  greater  portion  of  the  pupil,  and  there¬ 
fore  muff:  appear  brighter.  Again,  any  point  c ,  between  b  and 
K,  mufl  appear  brighter  than  by  becaufe  it  fills  a  greater  portion 
g  F  with  light.  The  point  K  itfelf,  and  every  other  point  in 
the  fpace  KL,  mufl;  appear  very  luminous,  fince  they  fend  in¬ 
tire  pencils  of  rays  EKF,  ELF  to  the  eye ;  and  the  vifible 
brightnefs  of  every  point  from  L,  towards  M,  mufl  decreafe 
gradually,  as  from  K  to  N ;  that  is,  the  fpaces  KN,  LM  will  ap¬ 
pear  as  dim,  fhadowy  borders,  or  fringes,  adjacent  to  the  edges 
of  the  opaque  bodies. 

When  the  edge  G  is  brought  to  touch  the  right  line  KF,  the 
penumbra’s  unite,  and  as  foon  as  it  reaches  NDF,  the  above 
phenomenon  begins ;  for  it  cannot  pafs  that  right  line  without 
meeting  fome  line,  a  D  d,  drawn  from  a  point  between  N  and  K, 
and  by  intercepting  all  the  rays  that  fall  upon  the  pupil,  render 
it  invifible.  In  advancing  gradually  to  the  line  KDE,  it  will 
meet  other  lines  bDf  rDg,  &c.  and  therefore  render  the 
points  by  Cy  &c.  from  N  to  K,  fucceflively  invifible,  and  there¬ 
fore  the  edge  of  the  fixed  opaque  body  CD  mufl  feem  to  fwell 
outwards,  and  cover  the  whole  fpace  NK,  while  GH,  by  its 
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motion,  covers  MK.  When  GH  is  placed  at  a  greater  diftance 
from  the  eye,  CD  continuing  fixed,  the  fpace  OP  to  be  pafled 
over,  in  order  to  intercept  NK,  is  lefs,  and  therefore,  with  an 
equal  motion  of  GH,  the  apparent  fwelling  of  CD  muft  be 
quicker,  which  is  found  true  by  experience. 

If  ML  reprefent  a  luminous  objeft,  and  REFQjmy  plane  ex- 
pofed  to  its  light,  the  fpace  FQ^will  be  intirely  lhaded  from  the 
rays,  and  the  fpace  FE  will  be  occupied  by  a  penumbra,  gradu¬ 
ally  darker,  from  E  to  F.  Let  now  GH  continue  fixed,  and 
CD  move  parallel  to  the  plane  EF,  and  as  foon  as  it  pafies  the 
line  LF,  it  is  evident  that  the  fhadow  QF  will  feem  to  fwell  out¬ 
wards,  and  when  CD  reaches  ME,  fo  as  to  cover  with  its  Iha- 
dow  the  fpace  RE,  QF,  by  its  extenfion,  will  cover  FE.  This 
is  found  to  hold  true  likewife  by  experiment.* 

Dr.  P.  F.  Gmelin  of  Wurtemberg,  gives  an  account  of  fome 
remarkable  fallacies  in  vifion,  that  occurred  to  him  in  looking 
through  telefcopes,  and  compound  microfcopes,  the  protuberant 
parts  appearing  deprefied,  and  the  deprefied  parts  protuberant, 
in  fome  cafes  and  not  in  others,  at  fome  times  alfo  and  not  at 
others,  and  to  fome  eyes  and  not  to  others.  After  a  great  va¬ 
riety  of  trials,  the  conftant  effects  that  he  obferved  were  the  fol¬ 
lowing.  As  often  as  he  viewed  any  objedt  riling  upon  a  plane,  of 
what  colour  foever,  provided  it  was  neither  white  nor  Ihining, 
with  the  eye  and  the  optical  tube  direftly  oppofite  to  it,  the  ele¬ 
vated  parts  appeared  deprefied,  and  the  deprefied  parts  elevated. 
This  happened  in  his  viewing  a  feal,  as  often  as  he  held  the  tube 
perpendicularly,  and  brought  it  in  fuch  a  manner,  that  its  whole 
furface  almofi:  covered  the  laid  glafs  of  the  tube;  and  the  fame 


*  Edinb.  Effays,  Vol.  2,  p,  55. 
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happened  with  the  compound  microfcope.  But  as  often  as  he 
viewed  any  other  objedls,  hanging  perpendicularly  from  a  plane, 
in  fuch  a  manner,  that  the  tube  was  fupported  in  a  horizontal 
fituation  diredtly  oppofite  to  it,  the  fame  thing  always  happen¬ 
ed  ;  and  the  appearance  was  not  altered  when  the  objedt  hung 
obliquely,  or  even  horizontally.'*'  At  laft  he  difcovered  a  me¬ 
thod  of  making  objedts  always  appear  with  their  natural  con¬ 
vexity,  which  was  by  directing  his  fight  not  towards  the  center 
of  the  convexity,  but  at  firfl  to  the  edges  of  it  only,  and  then 
gradually  taking  in  the  whole.  But  why  thefe  things  fhould  fo 
happen,  he  did  not  pretend  to  determine.  §  For  a  general  reafon 
of  thefe  appearances,  fee  the  obfervation  of  Dr.  Porterfield  a- 
bove  mentioned. 

It  is  obferved  in  Birch’s  hiftory  of  the  Royal  Society,  Vol. 
2,  p.  34S,  that  a  compound  microfcope  of  a  new  conflrudtion, 
being  produced  at  one  of  their  meetings,  and  feveral  of  their 
members  looking  at  a  guinea  through  it,  fome  of  them  imagin¬ 
ed  the  image  to  be  depreffed,  while  others  thought  it  to  be 
emboffed. 

#  Phil.  Tranf.  ab.  Vol.  10,  p.  31.  §  lb.  p.  32. 
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SECTION  XIII. 


Improvements  in  OPTICAL  INSTRUMENTS. 


rp  HE  greatefl  improvement  in  optical  inftruments  within 
A  this  period,  by  means  of  original  principles,  is  that  of 
Mr.  Dollond,  of  which  an  account  has  already  been  given  in  a 
preceding  fection,  in  which  his  difcoveries  in  the  fcience  of  op¬ 
tics  were  explained.  But,  befides  the  obligation  we  are  under 
to  Mr.  Dollond  for  correcting  the  abberration  of  the  rays  of  light 
in  the  focus  of  object  glaffes,  arifing  from  their  different  refran- 
gibility,  he  made  another  confiderable  improvement  in  telefcopes, 
viz.  by  correcting,  in  a  great  meafare,  both  this  kind  of  aberra¬ 
tion,  and  alfo  that  which  arifes  from  the  fpherical  form  of  len- 
fes,  by  an  expedient  of  a  very  different  nature  ;  viz.  increafi  ng 
the  number  of  eye  glaffes. 

If  any  perfon,  fays  he,  would  have  the  vifual  angle  of  a  te- 
Icfcope  to  contain  20  degrees,  the  extreme  pencils  of  the  held 
mull  be  bent  or  refracted  in  an  angle  of  10  degrees ;  which,  if 
it  be  performed  by  one  eye  glafs,  will  caufe  an  aberration  from 
the  figure,  in  proportion  to  the  cube  of  that  angle  ;  but  if  two 
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glades  are  fo  proportioned  and  fituated,  as  that  the  refraction 
may  be  equally  divided  between  them,  they  will  each  of  them 
produce  a  refraCtion  equal  to  half  the  required  angle  ;  and  there¬ 
fore,  the  aberration  being  in  proportion  to  the  cube  of  half  the 
angle  taken  twice  over,  will  be  but  a  fourth  part  of  that  which 
is  in  proportion  to  the  cube  of  the  whole  angle 3  becaufe  twice 
the  cube  of  i  is  but  i  of  the  cube  of  2  3  fo  the  aberration  from 
the  figure,  where  two  eye  glades  are  rightly  proportioned,  is  but 
a  fourth  of  what  it  muft  unavoidably  be,  where  the  whole  is  per¬ 
formed  by  a  fingletye  glafs.  By  the  fame  way  of  reafoning, 
when  the  refraCtion  is  divided  between  three  glades,  the  aberra¬ 
tion  will  be  found  to  be  but  the  ninth  part  of  what  would  be 
produced  from  a  fingle  glafs  3  becaufe  three  times  the  cube  of  1 
is  but  one  ninth  of  the  cube  of  3.  Whence  it  appears  that,  by 
increa'fing  the  number  of  eye  glafies,  the  indidinCtnefs  which  is 
obferved  near  the  borders  of  the  field  of  a  telefcope  may  be  very 
much  diminidied,  though  not  intirely  taken  away. 

The  method  of  correcting  the  errors  arifing  from  the  different 
refrangibility  of  light  is  of  a  different  confideration  from  the  for- 
For,  whereas  the  errors  from  the  figure  can  only  be  dimi- 


mer. 


niflied  in  a  certain  proportion  according  to  the  number  of  glades, 
in  this  they  may  be  intirely  corrected  by  the  addition  of  only  one 
glafs  3  as  we  find  in  the  adronomical  telefcope,  that  two  eye 
glaffes,  rightly  proportioned,  will  caufe  the  edges  of  objects  to 
appear  free  from  colours,  quite  to  the  borders  of  the  field.  Alfo 
in  the  day  telefcope,  where  no  more  than  two  eye  glades- are  ab- 
folutely  necedary  for  ereCting  the  objeCt,  we  find,  that  by  the 
addition  of  a  third,  rightly  fituated,  the  colours,  which  would 
otherwife  make  the  image  confufed,  are  intirely  removed.  This, 
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however,  is  to  be  underffood  with  fome  limitation;  for  though  the 
different  colours  into  which  the  extreme  pencils  muff  neceffarily 
be  divided,  by  the  edges  of  the  eye  glaffes,  may,  in  this  man- 
ner,  be  brought  to  the  eye  in  a  direction  parallel  to  each  other  ; 
fo  as,  by  the  humours  of  the  eye,  to  be  made  to  converge  to  a 
point  on  the  retina;  yet,  if  the  glaffes  exceed  a  certain  length, 
the  colours  may  be  fpread  too  wide,  to  be  capable  of  being  ad¬ 
mitted  through  the  pupil  or  aperture  of  the  eye  ;  which  is  the 
reafon  that,  in  long  telefcopes,  conffruCted  in- the  common  man¬ 
ner,  with  three  eye  glaffes,  the  field  is  always  very  much  con¬ 
tracted. 

Thefe  confiderations  firfl  let  Mr.  Dollond  on  contriving  how 
to  enlarge  the  field,  by  increafing  the  number  of  eye  glaffes, 
without  any  hindrance  to  the  diftinCtnefs  or  brightnefs  of  the 
image  ;  and  though  others  had  been  about  the  fame  work  be¬ 
fore,  yet  obferving  that  fome  five  glafs  telefcopes  which  were 
then  made,  would  admit  of  farther  improvement,  he  endeavour¬ 
ed  to  conftruCt  one  with  the  fame  number  of  glaffes  in  a  better 
manner,  which  fo  far  anfwered  his  expectations,  as  to  be  allow¬ 
ed  by  the  belt  judges  to  be  a  confiderable  improvement  on  the 
former. 

Encouraged  by  this  fuccefs,  he  refolved  to  try  if  he  could  not 
make  fome  farther  enlargement  of  the  field,  by  the  addition  ct 
another  glafs,  and  by  placing  and  proportioning  the  glaffes  in 
fuch  a  manner  as  to  correCt  the  aberrations  as  much  as  poffible, 
without  any  detriment  to  the  diftinCtnefs  ;  and  at  laff  he  obtain¬ 
ed  as  large  a  field  as  is  convenient  or  neceffary,  and  that  even  in 
the  longeff  telefcopes  that  can  be  made. 


W  w  w  w  2 


Thefe 


OPTICAL 


Per.  VI. 


73* 

Thefe  telefcopes,  with  fix  glaffes,  having  been  well  received, 
and  fome  of  them  being  gone  to  foreign  parts,  it  feemed  a  pro¬ 
per  time  to  the  author,  to  fettle  the  date  of  his  invention  ;  on 
which  account  he  drew  up  a  letter,  which  he  addrefied  to  Mr. 
Short,  and  which  was  read  at  the  Royal  Society  March  i,  1753-* 

M.  Euler,  who,  in  a  memoir  of  the  academy  at  Berlin  for  the 
year  1 757,  p.  323,  &c.  had  calculated  the  effects  of  all  poftible 
combinations  of  lenfes  in.  telefcopes  and  microfcopes,  published 
another  long  memoir  on  the  fubjed  of  thefe  telefcopes,  fhewing 
with  precifion  of  what  advantages  they  are  naturally  capable.  It 
may  be  feen  in  the  Mifcellanea  'Taiirinenfia ,  Vol.  3,  part  2,  p.  92. 

Various  other  attempts  were  made  within  this  period  to  fhor- 
ten,  and  otherwife  improve  telefcopes.  Among  thefe  I  mull: 
juft  mention  that  of  Mr.  Caleb  Smith,  who,  after  giving  much 
attention  to  the  fubjed,  thought  that  he  had  found  it  pofiible  to 
rectify  the  errors  which  arife  from  the  different  degrees  of  refran- 
gibility,  on  the  principle  that  the  lines  of  refradion,  or  rays  dif¬ 
ferently  refrangible  are  to  one  another  in  a  given  proportion, 
when  their  fines  of  incidence  are  equal ;  and  the  method  which 
he  propofed  for  this  purpofe  was  to  make  the  fpeculums  of  glafs 
inftead  of  metal,  the  two  furfaces  having  different  degrees  of  con¬ 
cavity.  §  But  I  do  not  find  that  this  fcheme  was  ever  executed, 
nor  is  it  probable,  for  reafons  which  have  been  mentioned,  that 
any  advantage  could  be  made  of  -it. 

But  the  moft  effedual  fervice  that  was  done  to  aftronomy 
within  this  period,  by  the  powers  of  mechanifm,  was  the  eafy 
conftrudion  of  reJIeBing  telefcopes ,  which  was  accomplifhed  by 
John  Hadley,  Efq;  in  1723.  In  this  year  he  prefented  to  the 

?  Phil.  Tranf,  ab,  Vol.  48,  p.  103.  §  lb.  Vol.  8,  part  1,  p.  114. 
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Royal  Society  a  telefcope  which  he  had  conftruded  upon  New¬ 
ton’s  plan,  after  it  had  been  negleded  fifty  years.  The  radius 
of  the  fphere  to  which  the  principal  fpeculum  was  ground  was 
ten  feet  5  4  inches,*'  and  confequently  its  focal  length  was  62  4 
inches.  In  the  Philofophical  Tranfadions  abridged,  Vol.  6, 
p.  147,  may  be  feen  a  drawing  and  defcription  of  a  very  ingeni¬ 
ous,  but  complex  apparatus  by  which  it  was  managed.  The  re¬ 
port  that  was  made  concerning  the  goodnefs  of  this  telefcope, 
by  Mr.  Pound  and  Dr.  Bradley,  Savilian  profeffor  of  Aftronomy, 
who  examined  it  together,  was  greatly  in  its  favour. 

One  of  thefe  telefcopes,  in  which  the  focal  length  of  the  large 
mirror  was  not  quite  5  4  feet,  they  compared  with  the  famous 
Huygenian  telefcope,  the  focal  length  of  whofe  objed  glafs  is 
123  feet,  and  they  found  that  the  former  would  bear  fuch  a 
charge,  as  to  make  it  magnify  the  objed  as  many  times  as  the 
latter  with  its  due  charge  3  and  that  it  reprefented  objeds  as  dif- 
tindly,  though  not  altogether  fo  clear  and  bright  3  which  they 
thought  might  be  occafioned  partly  by  the  difference  of  their  a- 
oertures,  that  of  the  Huygenian  being  fomewhat  larger,  and 
partly  by  feveral  little  fpots  in  the  concave  furface  of  the  objed 
metal,  which  did  not  admit  of  a  good  polifli. 

Notwithftanding  this  difference  in  the  brightnefs  of  the  ob- 
jeds,  they  were  able,  with  this  refleding  telefcope,  to  fee  what¬ 
ever  they  had  hitherto  difcovered  by  the  Huygenian,  particular¬ 
ly  the  tranfits  of  Jupiter’s  fatellites,  and  their  fhades  over  the 
difk  of  Jupiter,  the  black  lift  in  Saturn’s  ring,  and  the  edge  of 
the  fhade  of  Saturn  call  on  his  ring. 

They  had  alfo  feen  with  it  feveral  times  the  five  fatellites  of 
Saturn,  in  viewing  of  which  this  telefcope  had  the  advantage  of 
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the  Huygenian,  at  the  time  that  they  compared  them.  For  it 
being  in  fummer,  and  the  Huygenian  telefcope  being  managed 
without  a  tube,  the  twilight  prevented  them  from  feeing,  in  this, 
fome  of  thefe  fmall  objects,  which  at  the  fame  time  they  could 
difcern  with  the  reflecting  telefcope.  Other  obfervations  were 
made  with  this  excellent  inflrument  on  Jupiter  and  Saturn, 
which  confirmed  their  good  opinion  of  it.* 

Upon  the  whole,  they  fay  that  Mr.  Hadley  had  convinced 
them,  that  this  fcheme  of  a  telefcope  was  not  a  mere  theory, 
and  they  exprefled  their  hopes  that  in  a  thort  time  a  method 
might  be  found  either  of  preferving  the  concave  mirror  from 
tarniflfing,  or  of  clearing  it  eafily  when  it  was  tarni£hed ;  or  elfe 
of  making  a  good  concave  fpeculum  of  glafs,  quick-filvered  on 
the  back  fide;  and  they  fay  that  when  any  of  thefe  fhall  be  dis¬ 
covered,  they  fhould  not  doubt  but  that  the  old  dioptric  telef¬ 
cope  would  for  the  moil  part  be  laid  afide,  and  the  catoptric  one 
be  chiefly  ufed  by  practical  afironomers,  fince  they  are  managed 
with  fo  much  more  eafe.§ 

The  firfl:  reflecting  telefcopes  which  Mr.  Hadley  made  were 
of  the  Newtonian  confixuCtion,  but  this  being  found  inconveni¬ 
ent,  for  many  purpofes,  he  afterwards  applied  himfelf  to  make 
them  in  the  Gregorian  form,  in  which  the  large  mirror  is  per¬ 
forated.  This  fcheme  he  completed  in  the  year  1726  ;  but  it 
appears  that  in  1734  his  reflecting  telefcopes,  and  all  thofe  that 
were  made  in  London,  were  exceeded  by  thofe  made  by  Mr. 
Short,  who  was  at  that  time  in  Scotland,  but  afterwards  remov¬ 
ed  to  London.  He  firfl;  made  his  fpeculums  of  glafs,  following 
the  advice  of  Sir  Ifaac  Newton,  but  finding  the  light  in  them 

#  Phil.  Tranf.  »b.  Vol.  6,  p.  153.  §  lb.  p.  153. 
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lefs  than  he  expeCted,* * * §  and  meeting  alfo  with  great  difficulty  in 
finishing  them,  he  applied  himfelf  to  the  improvement  of  me¬ 
tallic  fpeculums  and  by  giving  particular  attention  to  the  cur¬ 
vature  of  them,  he  was  able  to  give  them  greater  apertures 
than  other  workmen  could  do  ;  and  by  a  more  accurate  adjuft- 
ment  of  the  fpeculums,  &c.  he  greatly  improved  the  whole  in- 
ftrument.  By  fome  that  he  made,  in  which  the  larger  mirror 
was  15  inches  focal  diftance,  he  and  fome  other  perfons  were 
able  to  read  in  the  Philofophical  TranfaCtions  at  the  diftance  of 
500  feet ;  and  they  feveral  times  faw  the  five  fatellites  of  Saturn 
together,  which  very  much  furprized  Mr.  Maclaurin,  who  gave 
this  account  of  it,  till  he  found  that  M.  Caffini  had  fome  times 
leen  them  all  with  a  17  foot  refraCting  telefcope.§ 

As  the  Gregorian  reflecting  telefcope  is  that  which  has  been 
chiefly  in  ufe  from  the  dates  above  mentioned  to  the  prefen t 
time,  I  Avail  in  this  place  introduce  a  fhort  defcription  of  it,  and 
give  an  idea  of  its  magnifying  power. 

Let  TYYT,  fig.  164  be  a  brafs  tube,  in  which  LL  is  a  metalic 
concave  fpeculum,  perforated  in  the  middle,  and  EF  a  lefs 
concave  mirror,  fo  fixed,  as  to  be  moved  nearer  to  or  farther 
from  the  larger.  Let  AB  reprefent  a  very  remote  objeCt,  from 
each  part  of  which  blue  pencils  of  rays,  thofe  from  the  two  ex¬ 
tremities  crofting  one  another  before  they  enter  the  tube.  Thefe 
rays  falling  upon  the  larger  mirror,  are  reflected  from  it  fo  as  to 
form  an  inverted  image  of  the  objeCt  in  KH.  From  this  image 
the  rays,  bluing  as  from  an  objeCt,  fall  upon  the  fmall  mirror 


*  Mr.  Short  found  by  experience  that  the  light  reflected  from  the  bef!  glafs  fpeculums 

he  could  make  was  conhderably  lefs  than  the  light  reflected  from  metallic  fpeculums. 

He  alfo  found  that  glafs  was  exceedingly  liable  to  change  its  form  by  its  own  weight. 

§  Smith’s  Opticks,  Remarks,  p.  8i. 
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EF,  the  center  of  which  is  at  e ,  fo  that  they  would  meet  in 
their  foci  at  and  there  form  an  eredl  image.  But  fince  an 
eye  in  that  place  could  fee  but  a  fmall  part  of  an  objedl ;  in  or¬ 
der  to  bring  rays  from  more  diftant  parts  of  it  into  the  pupil, 
they  are  intercepted  by  the  plano-convex  lens  MN,  by  which 
means  a  fmaller  eredt  image  is  formed  at  PV,  which  is  viewed 
through  the  menifcus  SS,  by  an  eye  at  O.  This  lens  both 
makes  the  rays  of  each  pencil  parallel,  and  likewife  magnifies 
the  image.  At  the  place  of  the  image  PV  all  the  foreign  rays 
are  intercepted  by  the  perforated  partition  ZZ.  When  a  nearer 
object  is  viewed  by  this  telefcope,  the  fmall  fpeculum  is  remov¬ 
ed  to  a  greater  diftance  from  the  larger.* 

The  magnifying  power  of  this  telefcope  is  eftimated  in  the 
following  manner  :  Let  LD,  fig.  165,  be  the  larger  mirror,  hav¬ 
ing  its  focus  at  I,  and  FF  the  fmall  mirror,  with  its  focus  at  G. 
Let  bb  be  a  ray  of  light  coming  from  the  lower  extremity  of  a 
viiible  object,  and  w’hich,  after  being  reflected  from  b  to  F,  par- 
rallel  to  the  axis  of  the  mirror  DK,  is  reflected  to  N,  at  the  ex¬ 
tremity  of  the  lens  MN,  by  which  it  would  have  been  refradt- 
ed  to  K  ;  but  by  the  interpofition  of  another  lens  SS,  is  brought 
to  O.  The  angle  G  b  F,  under  which  the  ohjedt  is  viewed  by 
the  naked  eye  is  to  SOT,  under  which  it  is  viewed  with  the  te¬ 
lefcope,  in  the  ratio  of  G  b  F  to  IF  /,  which  is  equal  to  n  IN 
of  n  IN  to  NK  n  ;  and  of  NIC  n  to  SOT.  But  G  b  F  is  to  IF  i 
as  DI  is  to  GA  •,  n  IN  is  to  n  KN,  as  n  K  is  to  I  n  ;  and  NK  ;/ 
is  to  SOT,  as  TO  is  to  TK;  fo  that  G  b  F  is  to  SOT,  ' as 
DI  x  n  K  x  TO  is  to  GA  x  In  x  TK§ 

*  Mufchcnbroeck’s  'ntroduftio,  Y7ol.  2,  p.  821.  •  §  lb.  p.  822. 
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We  may  perhaps  conceive  a  clearer  idea  of  the  magnifying 
power  of  a  reflecting  telefcope,  by  confidering  it  as  a  telefcope 
and  microfcope  united  ;  for  we  may  conflder  the  objeCt  mirror 
LL  fig.  1 66,  forming  the  image  of  a  diftant  objeCt  KH  in  its  fo¬ 
cus  e,  and  the  fmall  fpeculum  EF  placed  at  its  focal  diftance 
from  the  image,  will  give  diftinCt  vifion  of  it  by  parallel  rays, 
to  an  eye  at  X  ;  which  is  the  function  of  the  eye  glafs,  and  mag¬ 
nifies  the  objeCt  in  the  proportion  of  their  focal  lengths,  which 
is  all  that  is  performed  in  a  common  telefcope.  But  if  the  image 
be  now  looked  upon  as  a  microfcopic  objeCt,  it  is  removed  a  lit¬ 
tle  from  the  focus  e  of  the  fmall  fpeculum,  fo  far  as  to  caufe  a 
large  image  of  it  QQ,  to  be  formed  near  the  eye,  which  is  the 
effeCt  of  an  objeCt  glafs  in  the  microfcope.  This  image  is  dis¬ 
tinctly  viewed  in  the  focus  of  an  eye  glafs  or  two,  which  is  all 
that  is  performed  in  a  common  microfcope.* 

To  Mr.  Short  we  are  indebted  for  the  excellent  contrivance  of 
an  Equatorial  Telefcope ,  or,  as  he  likewife  called  it,  a  portable 
obfervatory  for  with  it  pretty  accurate  obfervations  may  be 
made  with  very  little  trouble,  by  thofe  who  have  no  building  a- 
dapted  to  the  purpofe.  The  inftrument  conflffs  of  an  ingenious 
piece  of  machinery,  by  the  help  of  which  a  telefcope  mounted 
upon  it  may  be  directed  to  any  degree  of  right  afcenfion  or  decli¬ 
nation,  fo  that,  the  place  of  any  of  the  heavenly  bodies  being 
known,  they  may  be  found  without  any  trouble,  even  in  the  day 
time.  Alfo,  being  made  to  turn  parallel  to  the  equator,  any 
objeCt  is  eafily  kept  in  view,  or  recovered,  without  moving  the 
eye  from  its  fituation.  By  this  inftrument,  Mr.  Short  informs 
us,  that  moft  of  the  ftars  of  the  firft  and  fecond  magnitude  have 

*  Martin’s  Opticks,  p.  272. 
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been  feen  even  at  mid-day,  and  the  fun  fhining  bright,  as  alfo 
Mercury,  Venus,  and  Jupiter.  Saturn  and  Mars  are  not  fo  eafy 
td  be  feen  on  account  of  the  faintnefs  of  their  light,  except 
when  the  fun  is  but  a  few  hours  above  the  horizon.*  This  par¬ 
ticular  effedt  depends  upon  the  telefcope  excluding  almoft  all  the 
light,  except  what  comes  from  the  objedt  itfelf,  and  which  might 
otherwife  efface  the  impreffion  made  by  its  weaker  light  upon 
the  eye.  Any  telefcope  of  the  fame  magnifying  power  would 
have  the  fame  effect,  could  we  be  fure  of  pointing  it  right.  For 
the  fame  reafon,  alfo,  it  is  that  ftars  are  vifible  in  the  day  time 
from  the  bottom  of  a  deep  pit. 

In  order  to  enable  us  to  fee  the  fixed  ftars  in  the  day  time,  it 
is  neceffary  to  exclude  the  extraneous  light  as  much  as  poffible. 
For  this  reafon  the  greater  magnifying  power  of  any  telefcope  is 
ufed,  the  more  eafily  a  fixed  ftar  will  be  diftinguifhed  in  the  day 
time ;  the  light  of  the  ftar  remaining  the  fame,  in  all  magnify¬ 
ing  powers  of  the  fame  telefcope,  but  the  ground  upon  which  it 
is  feen  becoming  darker  by  increafing  the  magnifying  power; 
and  the  vifibility  of  a  ftar  depends  very  much  upon  the  difference 
between  its  own  light  and  that  of  the  ground  upon  which  it  is 
feen.  A  fixed  ftar  will  be  Very  nearly  equally  vifible  with  telef- 
copes  of  very  different  apertures,  provided  the  magnifying  pow¬ 
er  remains  the  fame. 

If  a  comet,  or  any  other  heavenly  body,  be  viewed  through 
this  equatorial  telefcope,  properly  rectified,  it  is  feen  immedi¬ 
ately,  by  the  help  of  the  fame  machinery,  what  is  its  true  place 
in  the  heavens.  Other  aftronomical  problems  may  alfo  be 
folved  by  it,  with  great  eafe  and  certainty.  See  a  defcription  of 


*  Phil,  Tranf.  ab,  Vol.  10,  p.  156. 
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this  inftrument  Phil.  Tranf.  ab.  Vol.  io,  p.  154.  Several  im¬ 
provements  have  been  made  in  the  machinery  of  this  telefcope 
by  later  mathematical  inftrument  makers. 

M.  iEpinus  propofes  to  bend  the  tubes  of  long  telefcopes,  at 
right  angles,  fixing  a  plane  mirror  in  the  angle,  in  order  to  make 
them  more  commodious  for  viewing  objects  near  the  zenith  of 
the  obferver ;  and  he  gives  particular  inftruCtions  how  to  make 
them  in  this  form,  efpecially  when  they  are  furnifiied  with  mi¬ 
crometers.*  I  am,  alfo  informed  that  a  little  plane  fpeculum 
is  fometimes  placed  betwixt  the  laft  eye  glafs  and  the  eye,  in  re¬ 
flecting  telefcopes,  at  an  angle  of  45 0  for  the  fame  purpofe. 

After  the  happy  execution  of  the  reflecting  telefcope,  it  was 
natural  to  expeCt  that  attempts  would  alfo  be  made  to  render  a 
fimilar  fervice  to  microfcopes .  Accordingly  we  find  two  plans  of 
this  kind,  the  firft  of  which  was  that  of  Dr.  Robert  Barker,  a 
particular  defcription  of  which  may  be  feen  Phil.  Tranf.  ab. 
Vol;  8,  part  1,  p.  120.  This  inftrument  differs  in  nothing  from 
the  reflecting  telefcope  excepting  the  diftance  of  the  two  fpecu- 
lums,  in  order  to  adapt  it  to  thofe  pencils  of  rays  which  enter 
the  telefcope  diverging  whereas  they  come  from  very  diftant 
objects  nearly  parallel  to  one  another. 

The  conftruCtion  of  this  microfcope  is  more  particularly  re- 
prefented  fig.  167,  in  which,  inftead  of  the  lens  d  e  f,  there  is 
placed  a  fmall  fpeculum  d  ef-,  fo  that  the  objeCt  acb  being  placed 
above  it,  at  a  little  greater  diftance  from  the  focus  g,  has  its 
image  ACB,  formed  by  reflexion,  as  in  the  other  cafe  it  was  by 
refraction,  through  the  lens  d  f.  Now  if  we  fuppofe  the  focal 
diftance  of  the  objeCt  fpeculum  d ef  and  lens  d  e  f  the  fame. 


*  Nov.  Com.  Petrop.  Vol.  9,  p.  488. 
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the  effed  of  the  microfcope  will,  in  other  refpeds,  be  the  fame 
alfo. 

For  the  distance  of  the  objed  a  b ,  above  the  fpeculum,  will 
be  equal  to  the  diftance  of  the  objed  a  b  below  the  lens,  in  or¬ 
der  that  the  image  may  be  formed  at  the  fame  diftance  C  e. 
The  pofition  of  the  objed  will  be  inverted  ;  for  all  the  rays 
bowing  from  the  point  a,  will  be  refleded  by  the  fpeculum  to 
the  point  A,  in  the  fame  manner  as  if  they  came  by  refradion 
through  the  lens  from  the  point  a.  Thus  the  part  b  in  the  ob¬ 
jed  will  be  refleded  to  the  focus  B  in  the  image,  which,  there¬ 
fore,  is  inverted.  The  power  of  magnifying  will  alfo  be  the 
fame  in  both.  For  fince  the  image  AB  and  the  objed  ab  are 
feen  under  equal  angles  from  the  vertex  e  of  the  fpeculum,  the 
triangles  a  e  b,  and  A  e  B  will  be  fimilar,  and  therefore  AB  :  ab  :: 
C  e  :  c  e  i  but  in  the  other  it  is  AB  :  a  b  ::  C  e  :  c  e.  But  the 
latter  ratio  of  thefe  analogies  is  the  fame  in  both,  and  confe- 
quently  the  firft  is  fo  too. 

This  microfcope  is  not  fo  eafy  to  manage  as  the  common  fort. 
For  viflon  by  reflexion,  as  it  is  much  more  perfed,  fo  it  is  far 
more  difficult  than  that  by  refradion.  Nor  is  this  microfcope 
fo  ufeful  for  any  but  very  fmall,  or  tranfparent  objeds.  For  the 
objed,  being  between  the  fpeculum  and  image,  would,  if  it 
were  large  and  opaque,  prevent  a  due  reflexion.* 

In  Dr.  Smith’s  refleding  microfcope  there  are  two  refleding 
mirrors,  one  concave  and  the  other  convex,  and  the  image  is 
viewed  by  a  lens.  To  explain  it,  let  AD,  fig.  168,  be  a  large 
concave  fpeculum,  and  ad  a  fmall  convex  one,  each  perforated 
in  the  middle  with  the  holes  BC,  b  c.  Both  thefe  are  fegments 


•  Martin’s  Opticks,  p.  217. 
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of  the  fame  fphere,  or  ground  on  tools  of  an  equal  radius,  viz. 
of  2  inches,  that  fo  the  focal  diftance  of  each  fpeculum  may  be 
juft  one  inch. 

Thcfe  two  fpeculums  are  placed  at  the  diftance  of  about  i  i- 
inch  from  each  other,  that  fo  an  object  OPQ^  being  placed  a 
little  below  the  fmaller  fpeculum,  might  be  between  the  focus 
F  and  center  E  of  the  larger  fpeculum.  Things  thus  circumftanc- 
ed,  the  rays  PA, PD,  which  flow  from  the  point  P  in  the  ob- 
je£t,  on  the  fpeculum  AD,  will  be  reflected  towards  a  focus  p, 
where  an  image  o p  q  would  be  formed,  if  the  rays  were  not  in¬ 
tercepted  by  the  convex  fpeculum  ad ;  and  the  point  being 
nearer  than  its  focus  f  the  rays  A  a,  D  d,  which  tend  or  converge 
towards  it,  will  be  reflected  to  a  focus  P,  where  the  lall:  image, 
OPg>,  will  be  formed,  to  be  viewed  through  the  eye  glafs  G, 
by  the  eye  at  I.* 

This  microfcope,  though  far  from  being  executed  in  the  beft 
manner,  performed,  Dr.  Smith  fays,  nearly  as  well  as  the  very 
beft  refradling  microfcopes ;  fo  that  he  did  not  doubt  but  that  it 
would  have  excelled  them,  if  it  had  been  executed  properly. 
Dr.  Smith’s  own  account  of  this  inftrument  may  be  feen  in  his 
Opticks  Remarks,  p.  94.. 

In  173S  or  1739  M.  Lieberkuhn  made  two  capital  improve¬ 
ments  in  microfcopes,  by  the  invention  of  the  folar  microfcope , 
and  the  microfcope  for  opaque  objedis.  When  he  was  in  England, 
in  the  winter  of  1739,  he  fhewed  an  apparatus  of  his  own  mak¬ 
ing,  for  each  of  thefe  purpofes,  to  feveral  gentlemen  of  the 
Royal  Society,  as  well  as  to  fome  opticians,  particularly  Mr. 
Cuff  in  Fleet-ftreet,  who  took  great  pains  to  improve  them. 


*  Martin’s  Opticks,  p.  220. 
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The  folar  microfcope,  as  made  by  Mr.  Cuff,  was  compofed  of 
a  tube,  a  looking  glafs,  a  convex  lens,  and  a  Wilfon’s  microf¬ 
cope.  The  tube  is  of  brafs,  near  two  inches  in  diameter,  fix¬ 
ed  in  a  circular  collar  of  mahogany which,  turning  round  at 
pleafure,  in  a  fquare  frame,  may  be  eafily  adjutted  to  a  hole  in 
the  flutter  of  a  window,  in  fuch  a  manner,  that  no  light  can 
pafs  into  the  room,  but  through  that  tube.  Fattened  to  the 
frame  by  hinges,  on  the  fide  that  goes  without  the  window,  is 
a  looking  glafs,  which,  by  means  of  a  jointed  brafs  wire,  com¬ 
ing  through  the  frame,  may  be  either  moved  vertically  or  hori¬ 
zontally,  to  throw  the  fun’s  rays  through  the  brafs  tube  into  the 
darkened  room.  The  end  of  the  brafs  tube,  without  the  flutter, 
has  a  convex  lens,  to  colled:  the  rays,  and  bring  them  to  a  focus  ; 
and  on  the  end  within  the  room  Wilfon’s  pocket  microfcope  is 
fcrewed,  with  the  objed  to  be  examined  applied  to  it,  in  a  Ai¬ 
der.  The  fun’s  rays  being  direded  by  the  looking  glafs  through 
the  tube  upon  the  objed,  the  image  or  pidure  of  the  objed  is 
thrown  diftindly  and  beautifully  upon  a  fcreen  of  white  paper, 
and  may  be  magnified  beyond  the  imagination  of  thofe  who 
have  not  feen  it.* 

The  microfcope  for  opaque  objects  remedies  the  inconvenience  of 
having  the  dark  fide  of  an  objed  next  the  eye.  For  by  means 
of  a  concave  fpeculum  of  filver,  highly  polifhed,  in  the  center 
of  which  a  magnifying  lens  is  placed,  the  objed  is  fo  ftrongly 
illuminated,  that  it  may  be  examined  with  all  imaginable  eafe 
and  pleafure.  A  convenient  apparatus  of  this  kind,  with  four 
different  fpeculums  and  magnifiers  of  different  powers,  was 
brought  to  perfedion  by  Mr.  Cuff.§ 

*  Phil.  Tranf.  ab.  Vol.  8,  p.  127.  §  lb.  p.  128. 
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M.  Lieberkuhn  made  confiderable  improvements  in  his  folar 
microfcope,  particularly  in  adapting  it  to  the  view  of  opaque 
objects ;  but  in  what  manner  this  end  was  effected,  M.  iEpinus, 
who  was  highly  entertained  with  the  performance,  and  who 
mentions  the  fad,  was  not  able  to  recoiled;  ;  and  the  death  of 
the  ingenious  inventor  prevented  his  publishing  any  account  of 
it  himfelf.  M.  iEpinus  invites  thofe  perfons  who  came  into  the 
pofiefiion  of  M.  Lieberkuhn’s  apparatus  to  publish  an  account  of 
this  instrument,  but  whether  they  have  done  it  or  not,  I  have 
not  yet  been  informed. 

This  improvement  of  M.  Lieberkuhn’s  induced  M.  TEpinus 
himfelf  to  attend  to  the  fubjed,  and  by  this  means  produced  a 
very  valuable  improvement  in  this  instrument.  For  by  throw¬ 
ing  the  light  upon  the  forefide  of  any  objed,  by  means  of  a  mir¬ 
ror,  before  it  is  tranfmitted  through  the  objed  lens,  all  kinds  of 
objeds  are  equally  well  reprefented  by  it.  It  is  a  recommenda¬ 
tion  of  this  improvement,  that  the  body  of  the  common  folar 
microfcope  is  retained,  and  only  an  addition  made  of  two  brafs 
plates  CA  and  BA,  fig.  169,  joined  by  a  hinge,  and  kept  at  a 
proper  diflance  by  a  fcrew.  The  plate  gives  a  view  of  them  as 
they  are  annexed  to  a  Wilfon’s  microfcope,  which  is  ufed  in  the 
common  folar  microfcope.  A  fedion  of  thefe  plates,  and  of  all 
the  neceffary  parts  of  the  instrument,  may  be  feen  in  fig.  170, 
where  c  a  reprefent  rays  of  the  fun  converging  from  the  illumi¬ 
nating  lens,  and  falling  upon  the  mirror  a  b ,  which  is  fixed  to 
the  nearer  of  the  brafs  plates.  From  this  they  are  thrown  upon 
the  objed,  at  ef  and  thence  are  tranfmitted  through  the  objed 
lens  at  K ;  and  a  perforation  in  the  farther  plate,  upon  a  fcreen, 
as  ufual.  The  ufe  of  the  fcrew  n  is  to  vary  the  diflance  of  the 
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two  plates*  and  thereby  to  adjufl  the  mirror  to  the  objedl  with 
the  greatefl  exadtnefs.  M.  TEpinus  thinks  that  feveral  more  im¬ 
provements  may  be  made  in  this  curious  inflrument,  particular¬ 
ly  by  ufing  more  objedl  glades,  and  he  promifes  to  give  more  at¬ 
tention  to  it.* 

M.  Euler  proposed  a  fcheme  to  introduce  vifion  by  reflected 
light  into  the  magic  lantern  and  folar  microfcope,  by  which  many 
inconveniences,  to  which  thofe  inflruments  are  fubjedt,  might 
be  avoided.  For  this  purpofe,  he  fays,  that  nothing  is  neceffary 
but  a  large  concave  mirror,  perforated  as  for  a  telefcope,  and  that 
the  light  be  fo  fituated,  that  none  of  it  may  pafs  diredtly  through 
the  perforation,  fo  as  to  fall  on  the  images  of  the  objedls  upon 
the  fcreen.  Fie  propofes  to  have  four  different  machines,  for 
objedls  of  different  fizes  •,  the  fir  ft  for  thofe  of  fix  feet  long,  the 
fecond  for  thofe  of  one  foot,  the  third  for  thofe  of  two  inches, 
and  the  fourth  for  thofe  of  two  lines.  An  idea  of  this  contri¬ 
vance  is  given  in  fig.  171,  in  which  OD  reprefents  the  concave 
mirror,  E  the  object,  /,  /  the  lights,  and  A  the  lens,  through 
which  the  rays  are  tranfmitted  to  the  fcreen. § 

Several  improvements  were  made  in  the  apparatus  to  the  folar 
microfcope  ;  as  adapted  to  view  opaque  objedls,  by  M.  Zeiher, 
who  made  one  conflrudtion  for  the  larger  kind  of  objedls,  and 
another  for  the  fmall  ones  ;  but  for  the  drawings  and  defcriptions 
of  them  both,  I  mull  refer  my  reader  to  Nov.  Com.  Petrop. 
Vol.  io,  p.  299. 

Mr.  Martin,  having  conflrudled  a  folar  microfcope  of  a  larger 
fize  than  common,  for  his  own  ufe,  the  illuminating  lens  being 
4  4  inches  in  diameter,  and  all  the  other  parts  of  the  inflrument 

*  Nov.  Com.  Petrop.  Vol,  9,  p.  326.  §  lb.  Vol.  3,  p.  363. 
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in  proportion,  found  that,  by  the  help  of  an  additional  part, 
which  he  does  not  defcribe,  he  could  fee  even  opaque  objects  very 
well.  If  he  had  made  the  lens  any  larger,  he  was  aware  that 
the  heat  produced  at  the  focus  would  be  too  great  for  the  gene¬ 
rality  of  objects  to  bear.  The  expence  of  this  inftrument,  he 
fays,  does  not  much  exceed  the  price  of  the  common  folar  mi- 
crofcope.  See  his  Jhort  account  of  an  opaque  folar  microfcope ,  fub- 
joined  to  the  defcription  of  his  Graphical  Perfpclilive. 

The  fmalleft  globules,  and  confequently  the  greateil  magni¬ 
fiers  for  microfcopes,  that  have  yet  been  executed,  were  made 
by  T.  Di  Torre  of  Naples,  who,  in  1765,  fent  four  of  them 
to  the  Royal  Society.  The  largeft  of  them  was  only  two  Paris 
points  in  diameter,  and  it  was  faid  to  magnify  the  diameter 
of  an  objedt  640  times.  The  fecond  was  the  fizc  of  one  Paris 
point,  and  the  third  was  no  more  than  half  of  a  Paris  point,  or 
the  1 44th  part  of  an  inch  in  diameter,  and  was  faid  to  magnify 
the  diameter  of  an  objedt  2560  times.  One  of  thefe  globules 
was  wanting  when  they  came  into  the  hands  of  Mr.  Baker,  to 
whofe  examination  they  were  referred  by  the  Royal  Society. 
This  gentleman,  fo  famous  for  his  fkill  in  microfcopes,  and  his 
extraordinary  expertnefs  in  managing  them,  was  not  able  to  make 
any  ufe  of  thefe.  With  that  which  magnifies  the  leafi:  he  was 
not  able  to  fee  any  objedt  with  fatisfadlion,  and  he  concludes  his 
account  with  exprefiing  his  hopes  only,  that,  as  his  eyes  had  been 
much  ufed  to  microfcopes,  they  were  not  injured  by  the  atten¬ 
tion  he  had  given  to  them,  though  he  believed  there  were  few 
perfons  who  would  not  have  been  blinded  by  it.* 


*  Phil.  Tranf.  Vol.  56,  p.  67. 

Yyy  y 


This 


OPTICAL 


Per.  VI. 


746 

This  conftruCtion  of  a  telefcope  with  fix  eye  glafies  led  M. 
Euler  to  a  fimilar  conftruCtion  of  microfcopes,  by  introducing 
into  them  fix  lenfes,  one  of  which  admits  of  fo  fmall  an  aper¬ 
ture,  as  to  ferve  inftead  of  a  diaphragm,  to  exclude  all  foreign 
light,  though,  as  he  fays,  it  neither  leflens  the  field  of  view,  nor 
the  bright nefs  of  objects.* 

The  improvement  of  all  dioptric  inftruments  is  greatly  im¬ 
peded  by  inequalities  in  the  fubftance  of  the  glafs,  of  which 
they  are  made,  but  though  many  attempts  have  been  made  to 
make  glafs  without  that  imperfection,  none  of  them  have  been 
hitherto  quite  effectual.  M.  A.  D.  Merklein,  having  found  fome 
glafs  which  had  been  melted  when  a  building  was  on  fire,  and 
which  proved  to  make  excellent  objeCt  glafies  for  telefcopes,  con¬ 
cluded  that  its  peculiar  goodnefs  arofe  from  its  not  having  been 
difiurbed  when  it  was  in  a  fluid  ftate  5  and  therefore  he  propof- 
ed  to  take  the  metal  out  of  the  furnace  in  iron  vefiels,  of  the 
fame  form  that  was  wanted  for  the  glafs  ;  and  after  it  had  been 
perfectly  fluid  in  thofe  vefiels,  to  let  it  fiand  to  cool,  without 
any  difturbance.  §  But  this  is  not  always  found  to  anfwer. 

The  magnifying  power  of  any  telefcope  may  be  eafily  found 
by  experiment ,  in  the  fame  manner  as  that  of  a  microfcope,  men¬ 
tioned  before,  viz.  by  looking  with  one  eye  through  the  telefcope, 
upon  an  objeCt  of  known  dimenfions,  and  at  a  given  difiance,  and 
throwing  the  image  upon  another.  objeCt  feen  with  the  naked 
eye.  In  this  method  Mr.  Haukfbee,  Mr.  Folkes,  and  Dr.  Ju- 
rin,  tried  the  magnifying  power  of  Mr.  Haukfbee’s  telefcope,  of 
the  particular  procefs  of  which  an  account  may  be  feen  in  Smith’s 
Opticks,  Remarks,  p.  79.  But  the  eafiefi  method  of  all  is  to 

*  Nov.  Com.  Petrop.  Vol.  12,  p.  195.  §  Ac.  Ca?f.  Vol.  4,  p.  507. 
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meafure  the  diameter  of  the  aperture  of  the  objedl  glafs,  and 
that  of  the  little  image  of  it,  which  is  formed  at  the  place  of 
the  eye.  For  the  proportion  between  thefe  gives  the  ratio  of  the 
magnifying  power,  provided  no  part  of  the  original  pencil  be 
intercepted  by  the  bad  conftrudlion  of  the  telefcope.  For  in  all 
cafes  the  magnifying  power  of  telefcopes  or  microfcopes  is  mea- 
fured  by  the  proportion  of  the  diameter  of  the  original  pencil, 
to  that  of  the  pencil  which  enters  the  eye. 

The  MICROMETERS,  of  which  an  account  has  been  given 
in  the  hiftory  of  the  preceding  period,  have  feveral  confiderable 
defeats.  In  particular,  it  is  not  eafy  to  meafure  with  them  ob¬ 
jects  that  are  in  motion,  or  thofe  which  are  too  large  to  come 
within  the  field  of  view  ;  fo  that  the  diameters  of  the  fun  and 
moon  cannot  well  be  meafured  with  them,  to  any  great  degree 
of  exadtnefs.  Yet  thefe  were  the  only  micrometers  writh  which 
the  heavenly  bodies  were  meafured  in  all  the  preceding  periods 
of  this  hiftory  ;  but  in  this  period  a  method  was  found  of  mea- 
furing  the  apparent  magnitude  of  the  objedt  free  from  the  in¬ 
conveniences  above  mentioned,  by  means  of  a  telefcope  furnifh- 
ed  with  two  objedt  glaftes.  This  ingenious  method  was  hit  up¬ 
on  about  the  fame  time  both  by  Mr.  Servington  Savery,  and  the 
celebrated  M.  Bouguef. 

In  this  inftrument,  both  objedt  glaftes  are  of  equal  focal  dis¬ 
tance,  and  placed  one  of  them  by  the  fide  of  the  other  ;  fo 
that  the  fame  eye  glafs  may  ferve  for  them  both.  By  this  means 
two  diftindt  images  of  an  objedt  are  formed  in  the  focus  of  the 
eye  glafs ;  and  fince  the  diftance  of  thefe  images  depends  upon 
the  diftance  at  which  the  two  objedt  glaftes  are  placed  from  one 
another,  it  may  be  meafured  with  great  accuracy.  Nor  is  it 
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neceffary  that  the  whole  difc  of  the  fun  or  moon  come  within 
the  held  of  view ;  fmce,  if  the  images  of  only  a  fmall  part  of 
the  difc  be  formed  by  each  objedl  glafs,  the  whole  diameter  may 
eafily  be  computed,  by  their  pofition  with  refpedt  to  one  another. 
For  if  the  objedl  be  large,  the  images  will  approach  towards, 
or  perhaps  even  lay  over  one  another.  And  the  objedt  glades 
being  moveable,  the  two  images  may  always  be  brought  exadtly 
to  touch  one  another,  and  the  diameter  may  be  computed  from 
the  known  diftance  of  the  centers  of  the  two  glaffes.* 

Another  advantage  attending  this  inftrument  is  that  by  having 
a  common  micrometer  in  the  focus  of  the  eye  glafs,  when  the 
two  images  of  the  fun  or  moon  are  made  in  part  to  cover  one  a- 
nother,  that  part  which  is  common  to  both  the  images  may  be 
meafured  with  great  exadtnefs,  as  being  viewed  upon  a  ground 
that  is  only  one  half  lefs  luminous  than  itfelf ;  whereas,  in  ge¬ 
neral,  the  heavenly  bodies  are  viewed  upon  a  dark  ground,  and, 
on  that  account,  are  imagined  to  be  larger  than  they  really  are.  § 
By  a  fmall  addition  to  this  inftrument,  provided  it  be  of  a  mo¬ 
derate  length,  M.  Bouguer  thought  it  very  poftible  to  meafure 
angles  of  three  or  four  degrees ;  which  is  of  particular  confe¬ 
rence  in  taking  the  diftance  of  ftars  from  the  moon.-f* 

Mr.  Savery’s  paper  containing  a  very  particular  defcription  of 
his  conftrudtion  of  this  inftrument  was  read  at  the  Royal  Society 
October  27,  1743,  and  M.  Bouguer’s  account  of  his  inftru¬ 
ment  which  he  called  an  heliometer  is  contained  in  the  memoirs 
of  the  Royal  Academy  of  fciences  for  the  year  1748,  p.  15. 

A  very  great  improvement  was  made  in  this  kind  of  microme¬ 
ter  by  Mr.  Dollond 3  for,  inftead  of  two  complete  objecft  glafles, 

\ 

•  Ac.  Par.  1748,  H.  p.  128.  §  lb.  p.  130.  t  lb.  p.  131. 
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he  ufed  only  one,  cut  into  two  equal  parts,  one  of  them  Aiding 
by  the  other.  Each  half  of  this  objedt  glafs  will  give  a  feparate 
and  diAindt  image,  and  as  the  distance  at  which  their  centers 
are  placed  from  one  another  may  be  exactly  afcertained,  the 
fame  ufes  may  be  made  of  them  as  of  two  intire  object  glades, 
and  the  application  of  them  is  much  more  commodious.* 

M.  Zeiher  took  a  great  deal  of  pains  with  the  fubjedt  of  burn¬ 
ing  mirrors ,  chiefly  with  the  laudable  view  of  making  the  con- 
Arudtion  of  them  cheaper,  fo  that  almoA  every  philofopher 
might  have  them  in  his  private  apparatus.  He  firA  went  to 
work  on  the  plan  of  Kircher,  before  he  had  heard  of  what  was 
done  by  M.  Buffon,  with  a  combination  of  plane  mirrors.  He 
then  improved  upon  an  inArument  con Aru died  by  Sir  Ifaac 
Newton,  conflAing  of  feveral  concave  mirrors,  difpofed  in  the 
fame  manner  3  and,  to  fave  expence,  he  took  only  pieces  of  plane 
glafs,  and  gave  them  the  requiflte  degree  of  curvature,  by  heat¬ 
ing  them  fo  hot,  on  a  difli  made  of  metal,  that  they  would  af- 
fume  the  fame  form.§ 

Many  experiments  to  afcertain  the  proportion  of  heat  produc¬ 
ed  by  burning  mirrors,  at  different  diAances  from  the  focus,  and 
compared  with  the  power  of  the  diredt  rays,  were  made  by  M. 
Richman;  but  he  could  not  find  that  there  was  any  exadt  pro¬ 
portion  in  this  cafe ;  and  though  he  propofes  another  fcheme, 
which  he  thought  was  likely  to  anfwer  better,  it  does  not  appear 
that  he  ever  executed  his  defign.'f* 

I  fliall  conclude  this  fedtion,  concerning  optical  injlruments , 

with  an  account  of  one  defcribed  by  Mr  Martin,  which  he  calls  a 

- 1  ••  -  * 

*  Phil.  Tranf.  Vol.  48,  p.  178.  §  Nov.  Com.  Petrop.  Vol,  7,  p.  237. 
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Graphical  PerfpeSlive.  It  confifts  of  a  tube,  containing  two 
lenfes,  AB  and  CD,  fig.  172,  which  are  placed  at  twice  their 
focal  diftance  from  one  another ;  and  in  their  comnion  focus  is 
another  glafs  EF  divided  into  equal  parts,  with  the  point  of  a 
diamond.  Though,  therefore,  this  inftrument  does  not  magnify 
any  objedt,  yet  the  angle  under  which  an  objedt  is  feen  is  eafily 
known  by  means  of  it  ;  and  fince  this  angle  varies  with  the  dis¬ 
tance  of  objects,  it  is  eafily  applied  to  the  purpofe  of  meafuring 
inaccefiible  heights  and  diftances  ;  and  fince  the  field  of  view 
is  divided  into  equal  fquares,  it  is  ufeful  in  drawing  the  perfpec- 
tive  appearance  of  objedts.  Moreover,  as  all  foreign  light  is 
excluded  by  the  tube  in  which  thefe  lenfes  are  inclofed  pidtures 
feen  through  it  have  a  fine  relievo,  on  which  account,  as  alfo  be- 
caufe  objedts  appear  inverted  through  it,  the  images  of  a  Camera 
Obfcura  are  viewed  to  pecular  advantage  by  the  help  of  it.  If 
a  lens  of  a  greater  focal  length  be  fixed  at  a  proper  diftance  from 
the  center  of  the  tube,  this  inftrument  will  be  a  telefcope,  and 
will  magnify  the  prints  which  are  looked  at  through  it ;  and  if 
a  fmall  lens  be  ufed,  it  will  be  a  microfcope,  and  the  fame  mi¬ 
crometer  will  ferve  for  them  both.* 

*  Martin’s  Opticks,  p.  288. 
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SECTION  XIV. 


Improvements  in  the  MATHEMATICAL  part  of 

THE  SCIENCE  OF  OPTICKS. 


TH  E  fcience  of  Opticks  has  been  far  from  having  reafon 
to  complain  of  the  want  of  any  affiftance  that  Mathe¬ 
matics  have  been  able  to  afford  it  within  this  period.  Many  ela¬ 
borate  difquifitions  have  been  published  in  the  memoirs  of  feve- 
ral  philofophical  focieties,  befides  feveral  intire  treatifes  on  op¬ 
tical  fubjedts.  Thofe  who  have  diftinguifhed  themfelves  the  moffc 
in  this  way  are  M.  Euler,  M.  Clairaut,  and  M.  D’  Alembert. 

Not  a  fingle  circumftance  relating  to  the  power,  or  the  con- 
ffrudtion  of  telefcopes  has  efcaped  the  attention  of  M.  Euler, 
whofe  laborious  calculations  on  thefe  fubje&s  may  be  feen  in  fe¬ 
veral  volumes  of  the  memoirs  of  the  fociety  at  Berlin;  and  all  the 
differtations  of  M.  Euler  on  the  fubjedl  of  opticks  are  now  digefl- 
ed  into  one  treatife  printed  at  Peterfburgh,  which  was  announced 
to  the  world  in  Nov.  Com.  Petrop.  Vol.  12,  p.  23.  The  aber¬ 
ration  of  the  rays  of  light  in  fpherical  lenfes  was  confidered  by 
Ab.  Got.  Kaeftner,  whofe  effays  on  this  fubjecftmay  be  feen  Com. 
Gotting,  Vol.  1,  p.  185,  and  Vol,  2,  p.  183.  The  Count  of 
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Redern,  alfo,  took  great  pains  to  explain  the  principles  of  telef- 
copes,  and  has  laid  down  rules  for  the  application  of  his  princi¬ 
ples  to  practice,  in  the  conftruCtion  of  all  kinds  of  telefcopes  and 
microfcopes.* 

From  the  phenomena  of  light  M.  Mairan  conceived  the  idea 
of  another  curve  befides  the  caujiic ,  which  he  calls  the  rejlettoire, 
becaufe  it  is  the  appearance  of  the  plane  bottom  of  a  bafon  co¬ 
vered  with  water,  to  an  eye  perpendicularly  over  it.  In  this  po¬ 
rtion  the  bottom  of  the 'bafon  will  appear  to  rife  upwards  from 
the  center  outwards ;  but  the  curvature  will  be  lefs  and  lefs,  and 
at  laft  the  furface  of  the  water  will  be  an  affymptote  to  it.  He 
alfo  found  feveral  kinds  of  thefe  curves,  and  he  gives  a  geome¬ 
trical  deduction  of  their  properties,  fhewing  their  analogy  to 
cauflics  by  refraction /f- 

M.  Kurdwanowfki,  a  Polifh  gentleman,  obferved  that  any 
line,  straight  or  curved,  expofed  to  the  action  of  a  luminous 
point,  received  the  light  differently  in  its  different  parts,  accord¬ 
ing  to  their  diftance  from  the  light.  Thefe  different  effects  of 
the  light  upon  each  point  of  the  line  may  be  reprefented  by  the 
ordinates  of  fome  curve,  which  will  vary  precifely  with  thefe 
effects. To  thefe  curves  he  gives  the  name  of  courbes  a  la  Iwniefe.  § 

Dr.  Smith  has,  in  a  feries  of  propofitions,  determined  the  ap¬ 
parent  fliapes,  pofitions,  magnitudes,  and  diflances  of  large  ob¬ 
jects  feen  by  rays  that  fall  upon  reflecting  or  refracting  furfaces, 
either  perpendicularly,  or  with  any  degrees  of  obliquity.  J  This 
is  a  fubjeCt  that  Newton  no  where  touched  upon,  and  only  a  cafe 
or  two  of  it  were  imperfectly  noticed  by  M.  Huygens,  and  Dr. 

§  lb.  1732,  H.  p.  135. 


*  Ac.  Berl.  1761.  f  Ac.  Par.  1740,  H.  121,  M.  1. 

X  Opticks,  Vol.  1,  p.  135. 


Barrow. 


Sec.  XV. 


OBSERVATIONS. 


753 

Barrow.  Upon  this  fubjecft,  therefore,  our  author  is  original  3 
but  as  his  reafoning  cannot  be  abridged,  I  mull  refer  my  mathe¬ 
matical  readers  to  his  treatife,  contenting  myfelf  with  reciting 
the  more  curious  of  the  optical  phenomena  which  he  has  ex¬ 
plained  by  the  help  of  his  principles. 

From  this  theory,  he  fays,  it  follows  that  a  ftraight  objedt, 
feen  through  a  glafs,  bounded  by  parallel  plane  furfaces,  fhould 
appear  a  little  concave  towards  the  eye,  though  fcarce  fenfibly, 
unlefs  the  glafs  be  very  thick.'*' 

It  alfo  agrees  with  this  theory,  that  a  large  plane  object,  feen 
through  a  deep  concave  lens,  always  appears  concave  towards  the 
eye,  and  the  more  concave,  as  the  object  is  more  remote,  and 
the  lens  at  fome  diftance  from  the  eye.§ 

A  large  plane  objedt,  feen  inverted  through  a  very  thick  con¬ 
vex  lens  or  fphere,  appears  convex  towards  the  eye  placed  at 
fome  diftance  from  the  glafs,  and  concave  when  it  is  feen  up¬ 
right.  The  parallel  hairs  of  a  micrometer  are  another  inftance 
of  this  kind,  appearing  always  concave  towards  the  eye,  and  con¬ 
vex  towards  each  other,  when  opened  fo  wide  as  to  be  feen 
through  the  edges  of  a  thick  eye  glafs.  J 

Several  curious  phenomena  of  vifton  with  both  eyes  are  like- 
wife  explained  by  him  upon  thefe  principles.  Fie  particularly 
coniiders  more  fully  the  experiment  of  the  compaftes,  mention¬ 
ed  above,  adding  another  cafe  to  the  manner  of  viewing  them. 

If,  fays  he,  the  legs  be  opened  to  any  angle,  and  held  by  the 
joint,  in  a  plane  nearly  perpendicular  to  a  plane  paffing  through 
the  axes  of  the  eyes,  with  their  points  in  this  latter  plane, 
and  the  axis  of  the  right  eye  be  directed  fteadily  towards  the 

*  Opticks,  Remarks,  p.  83.  §  Ib.p.  84.  J  lb. 
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point  on  the  left  hand,  and  that  of  the  left  eye  towards  the 
point  on  the  right  hand;  then,  of  the  legs  that  appeared  double, 
the  two  innermoft  will  foon  unite  in  one,  appearing  like  a  third 
leg  in  the  middle,  between  the  other  two,  and  will  tend  from 
the  joint  towards  the  interfeCtion  of  the  axis  of  the  eyes;  and  this 
middle  leg,  if  it  be  viewed  attentively,  while  the  real  legs  are 
gradually  opened,  will  decreafe  in  apparent  magnitude,  and  ap¬ 
proach  towards  the  eyes  ;  and,  on  the  contrary,  will  increafe  and 
recede  while  the  angle  of  the  legs  is  contracted.* 

The  like  phenomenon,  he  fays,  is  obfervable  in  viewing  two 
lighted  candles,  of  an  equal  height  and  thicknefs,  at  the  diftance 
of  two  or  three  feet  from  the  eyes ;  but  the  apparent  candle  in 
the  middle  does  not  approach  quite  fo  near  the  eyes  as  the  cor- 
refponding  leg  of  the  compares,  in  proportion  to  the  given  dif¬ 
tance  of  the  original  objeCts  from  the  eyes. 

In  figure  173,  a  a  and  b  b  are  the  diameters  of  the  candles, 
d  and  e  the  centers  of  the  pupils,  a  e  a  and  b  d  b  two  cones  of 
rays,  eroding  one  another  in  f  where  the  candles  appear  united 
in  one,  of  a  fize  proportional  to  the  thicknefs  of  the  cones  at  f, 
or  a  little  beyond  it.  Now  if  the  candles  a  b ,  be  gradually 
drawn  afunder,  their  apparent  union  near  f,  while  the  eyes  are 
fixed  upon  it,  will  decreafe  in  apparent  magnitude,  and  feem  to 
come  nearer.  For  the  fimilar  and  equal  pictures  of  the  two 
candles  upon  correfponding  places  of  the  two  retina’s,  caufe  the 
fame  fenfation  as  two  fuch  pictures  of  a  fingle  candle  at  f  would 
do,  and  this  fenfation  excites  the  ufual  idea  of  a  fingle  candle. 

If  th#  lines  af  e,  bf  d,  be  drawn  upon  a  plane  board,  a  foot 
ox  two  long,  and  a  pin  be  fluck  upright,  at  their  interfeCtion  f 


*  Remarks,  p.  86, 
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and  the  pupils  of  the  eye  be  placed  near  the  edge  of  the  board, 
at  any  fmall  height  above  the  points  d ,  e ,  while  the  pin  is  viewed 
fteadily,  the  two  lines  f  a,  fb  will  appear  united,  and  upright, 
in  the  place,  or  by  the  fide  of  the  pin.  For,  in  this  cafe,  they 
cannot  appear  in  two  different  places,  and  therefore  mud:  appear 
in  the  common  interfedtion  of  two  planes,  paffing  through  the 
lines  afy  b f,  and  the  pupils  of  the  eyes.* 

Upon  thefe  principles  our  author  likewife  explains  a  phenome¬ 
non,  which  is,  at-fir-ft,  very  much  furprifmg.  Viewing  a  foot  ru¬ 
ler,  held  upright  between  his  eyes,  with  its  flat  fide  againfl:  his 
forehead,  and  about  a  foot  farther  from  a  concave  fpeculum  than 
the  center  of  its  concavity,  it  appeared  convex  to  either  eye  a- 
lone,  but  concave  to  both  eyes  at  once.*f* 

' 

He  alfo  explains  a  cafe  which  Dr.  Barrow  took  notice  of  as 
fomewhat  extraordinary.  If  a  perfon  view  his  face  in  a  concave 
fpeculum,  held  pretty  near  to  it,  firft  with  the  right  eye  only, 
and  then  with  the  left,  the  appearance  will  be  the  fame,  only  a 
little  more  to  one  hand,  than  the  other,  in  each  cafe.  But  up¬ 
on  looking  immediately  with  both  eyes,  the  two  apparent  faces 
will  feem  to  be  united,  in  a  much  larger  face,  more  remote,  and 
more  concave  than  before. §  Alfo  a  piece  of  perfpedtive,  placed 
a  little  nearer  to  a  very  large  concave  fpeculum  than  its  principal 
focus,  and  viewed  by  a  perfon  handing  clofe  behind  the  piece, 
and  looking  over  the  top  of  it,  appears  in  the  glafs  much  larger, 
and  more  projected,  and  confequently  to  much  greater  advantage 
than  when  it  is  fee n  by  diredt  rays.  J 

*  Smith’s  Opticks,  Remarks,  p.  86.  f  Remarks,  p.  86.  §  lb,  p.  87.  X  lb. 
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I  HAVE  made  fo  many  diftindl  fedtions  in  this  period  of  my 
hiftory,  that  I  have  referved  but  few  materials  for  this  mifcel- 
laneous  one.  The  following  particulars,  however,  could  not 
well  have  been  arranged  under  any  of  the  former  heads,  and 
yet,  I  doubt  not,  but  that  my  reader  will  think  them  well  worth 
his  notice. 

Almoft  all  optical  experiments  have  been  made  with  the  light 
of  the  fun,  and  few  perfons  feem  to  have  thought  of  comparing 
this,  in  any  refpedt,  with  the  light  of  other  burning  bodies,  from 
which  it  is  poffible  that  confiderable  difcoveries  might  arife. 
Some  obfervations,  however,  have  been  made  on  this  fubjedt  by 
Mr.  Melville,  with  which,  my  reader  cannot  but  be  pleafed,  as 
they  may  be  a  beginning  to  fomething  farther  of  the  fame  kind. 

Bodies  of  all  the  principal  colours,  namely  red,  yellow,  green, 
and  blue,  are  very  little  altered,  he  obferves,  when  they  are  feen 
by  the  light  of  burning  fpirits ;  but  if  falts  be  continually  mix¬ 
ed  with  them,  during  the  burning,  different  changes  enfue. 
When  fal  ammoniac,  pot  afh,  or  alum  are  infufed,  the  colour  of 
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red  bodies  appears  fomewhat  faded  and  dirty.  Green  and  blue 
appear  much  the  fame  as  in  candle  light,  both  being  faint,  and 
hardly  diftinguifhable.  White  and  yellow  are  hardly  at  all 
affeCted. 

When  nitre,  or  fea  fait,  is  plentifully  mixed  with  the  burning 
fpirits,  and  the  whole  is  ftirred  about  brifkly,  the  brighteft  red 
bodies,  feen  by  the  light  then  emitted,  are  reduced  to  a  dirty 
tawny  brown,  which  feems  to  have  nothing  of  rednefs  in  it. 
Green  is  transformed  into  another  fort  of  brown,  only  diftin- 
guifhable  from  the  former  by  a  certain  inclination  to  a  livid  olive 
colour.  When  nitre  is  mixed  with  the  fpirits,  one  may  ffill  fee 
fome  remains  of  a  greenifh  colour,  unlefs  it  be  poured  in  very 
plentifully.  Dark  blue  is  hardly  to  be  known  from  black,  ex¬ 
cept  that  it  appears  the  deeper  black  of  the  two.  Light  blue  is 
changed  into  a  very  light  brown,  of  a  peculiar  kind.  White 
affumes  a  livid  yellowifh  call ;  and  yellow  alone  appears  unalter¬ 
ed,  and  extremely  luminous. 

Thefe  experiments  he  made  with  different  forts  of  richly  co¬ 
loured  bodies,  as  filks,  cloths,  and  paints.  Polifhed  copper, 
which  had  contracted  from  the  air  a  high  flaming  colour,  was 
reduced,  by  the  fame  light,  to  the  appearance  of  yellow  brafs. 
The  faces  and  hands  of  the  fpeCtators  appeared  like  thofe  of  a 
dead  corpfe  ;  and  other  mixed  colours,  which  had  red  or  green 
in  their  compofition,  underwent  the  like  changes. 

Having  placed  a  pafteboard,  with  a  circular  hole  in  it,  be¬ 
tween  his  eye  and  the  flame  of  the  fpirits,  in  order  to  diminifh  and 
circumfcribe  this  objeCt,  he  examined  the  conftitution  of  thofe 
different  lights  with  a  prifm,  holding  the  refrading  angle  up¬ 
wards  ;  and  found  that,  in  the  firft  cafe,  viz.  when  fal  ammo¬ 
niac. 
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mac,  alum,  or  pot  afh  fell  into  the  fpirits,  rays  of  all  kinds  were 
emitted,  but  not  in  equal  quantities,  the  yellow  being  much 
more  copious  than  all  the  reft  put  together,  and  the  red  being 
more  faint  than  the  green  and  blue. 

In  the  light  of  fpirits  mixed  with  nitre,  or  fea  fait,  he  could 
obferve  fome  blue,  though  exceedingly  weak  and  diluted.  With 
the  latter  the  green  was  equally  faint,  but  with  the  former  pret¬ 
ty  copious.  But  when  either  of  thefe  falts  were  ufed,  he  could 
hardly  perceive  any  trace  of  red,  efpecially  when  they  were 
mixed  in  great  plenty,  and  the  fpirits  conftantly  agitated.  At 
every  little  intermiftion,  indeed,  the  red  rays  would  ftiew  them- 
felves  very  manifeftly  below  the  hole,  and  red  bodies  feen  by 
that  light  refumed  fomewhat  of  their  ordinary  colour  ;  and  it 
was  entertaining  to  obferve  how  both  would  vanifh  again  at  once, 
when  the  falting  and  ftirring  were  renewed. 

The  proportion  in  which  the  bright  yellow  exceeded  the  o- 
ther  colours  in  this  light,  was  ftill  more  extraordinary  than  in 
the  former;  in  fo  much  that  the  hole,  feen  through  the  prifm, 
appeared  uniformly  of  that  yellow,  and  as  diftinctly  terminated 
as  through  a  plane  glafs  ;  except  that  there  was  adjoining  to  it, 
on  the  upper  fide,  a  very  faint  ftreak  of  green  and  blue.  White 
bodies  illuminated  with  it,  appeared  alfo  through  the  prifm  per¬ 
fectly  well  defined,  both  which,  he  fays,  are  very  furprifing 
phenomena  to  thofe  who  have  been  accuftomed  to  the  ufe  of  the 
prifm  in  heterogeneous  lights,  where  it  never  fails  to  throw  con- 
fufion  on  the  extremities  of  all  vifible  objects. 

Upon  examining  bubbles  of  foap  and  water,  in  the  fame  light, 
he  could  only  obferve  luminous  ftreaks,  feparated  by  dark  ones, 
the  green  and  blue  being  too  weak  to  affect  his  eye.* 

#  Edinb.  Eflays,  Vol.  z,  p.  32. 
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Our  author  has  alfo  the  following  query  on  this  fubjeft,  at 
the  conclulion  of  his  effay.  Are  not  the  rays  emitted  by  all 
kinds  of  luminous  bodies,  fimilar  to  thofe  of  the  fun,  both  as 
to  colour  and  degrees  of  refrangibility ;  and  do  not  luminous  bo¬ 
dies  differ  from  one  another  only  according  to  the  colours  which 
they  emit  moil  plentifully ;  in  like  manner  as  opaque  bodies  are 
diftinguifhed  by  the  colours  of  incident  light,  which  they  reflect 
in  the  greatefl  abundance?  But  to  make  our  indudion  fufficiently 
jftrong,  ought  not,  fays  he,  experiments  to  be  made  with  the 
lights  of  a  greater  variety  of  bodies  3  and  would  it  not  further 
conduce  to  the  illuflration  of  this  queftion,  to  form,  by  Sir  Ifaac’s 
method,  a  beam  of  folar  light,  confiding  of  fuch  colours,  and  in 
fuch  proportions,  as  were  feen  in  the  lights  of  falts  and  burning 
fpirits,  and  then  to  obferve  in  it  the  appearance  of  coloured  bo¬ 
dies.  Farther,  are  not  the  intervals  of  the  fits  in  rays  of  any 
one  colour  the  fame  in  the  fame  medium,  from  whatever  lumi¬ 
nous  body  they  are  emitted  ;  for  if  thefe  intervals  were  different, 
would  there  not  be  changes  in  the  colours  of  bodies  not  to  be  ac¬ 
counted  for  by  the  compofitions  of  the  lights,  with  which  they 
are  illuminated.* 

To  thefe  obfervations  of  Mr.  Melville’s,  I  fhall  add  the  fol¬ 
lowing  collected  by  M.  Mufchenbroeck.  The  light  of  camphor, 
and  alfo  of  burning  zinc  is  white.  Zinc  mixed  with  arfenic, 
yields  a  greenilh  flame.  Zinc  with  orpiment  a  black  flame, 
and  brafs  in  the  fire  gives  a  green  flame. 

Though  the  colours  of  different  mixtures  have  no  immediate 
relation  to  the  general  dodtrine  of  light,  and  will  very  properly 
come  to  be  mentioned  when  I  treat  of  the  fubflances  them- 


*  Edinb.  EfTays,  V«l.  2,  p.  39. 
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felves }  yet  as  many  of  my  readers  will,  probably  expert  to  find 
an  account  of  fome  fadts  of  this  kind  in  this  part  of  my  work, 
I  fhall  copy  from  M.  Mufchenbroeck,  what  he  has  collected 
from  Boerhaave  and  others,  together  with  fome  obfervations  of 
his  own. 

1 .  Colours  produced  in  liquors  which  originally  have  no  colour . 

Spirit  of  wine  with  red  rofes,  upon  which,  whilfl:  it  is  yet 
white,  any  faline  acid  fpirit  is  poured,  in  fo  fmall  a  quantity  that 
the  acid  can  hardly  be  perceived,  produces  a  florid  red. 

Many  other  red  flowers  hardly  give  any  colour  to  fpirit  of 
wine  in  a  lhort  time,  yet  give  a  red  colour  by  the  addition  of 
any  of  the  acids. 

A  folution  of  mercury  and  oil  of  tartar  gives  orange. 

A  folution  of  fublimate  and  lime  water  produces  yellow. 

The  tindture  of  red  rofes  with  oil  of  tartar  per  deliquium,  or 
with  fpirit  of  fal  ammoniac  gives  green.  In  like  manner,  the 
tin&ure  of  many  red  flowers  is  changed  into  green  by  an  alkali. 

The  tin&ure  of  red  rofes  and  fpirit  of  urine  gives  blue. 

The  folution  of  copper  and  fpirit  of  fal  ammoniac  gives  purple. 

The  folution  of  fublimate  and  fpirit  of  fal  ammoniac  gives 
white. 

The  folution  of  faccharum  faturni  and  the  folution  of  vitriol, 
alfo  the  tindture  of  red  rofes,  or  many  other  red  flowers,  and 
the  folution  of  copperas  in  water,  and  likewife  the  folution  of 
galls  and  copperas,  produces  black. 

2.  Colours  arijing  from  coloured  mixtures . 

5 Yellow?  Tindture  of  red  rofes  §? 

1  c  Red  j  Tindture  of  crocus  |5§reen* 


'  VGreen  ?  Tincture  of  violets? 
‘  2 Brown  5  Spirit  of  fulphur  j 
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S  Red  7  Tindure  of  red  rofes?  , . 

3*  L  Brown  5  Spirit  of  hartfhorn  !  b  ue* 

c  Blue  7  Tindure  of  violets  7  .  . 

4*  i  Blue  3  Solution  of  copper  3  V1°  et* 

s-C 
6.{ 

7-1 


Blue  3  Solution  of  copper 

Blue  7  Tincture  of  violets 
Blue  3  Solution  of  Hungarian  vitriol 

Blue  7  Tindure  of  cyanus 
White  3  Spirit  of  fal  ammoniac 

Blue  1  Solution  of  Hungarian  vitriol 

Lixivium 


^  purple. 
|  green. 

7  Solution  of  Hungarian  vitriol  7  .. 

Brown  3  Lixivium  3' 

0  5  Blue  7  Solution  of  hungarian  vitriol  7  . .  , 

8*  1  Red  3  Tindure  of  red  rofes  3  black‘ 

5  Blue  7  Tindure  of  cyanus  7  , 

9*  t  Green  j  Solution  of  copper  3  le  * 


f  Y^let  1  ^n(^ure  dipfacum,  or  iris,  or  other! 
k  >flowers  that  give  a  violet  colour  in  water  >blue. 

i  TranfparentJ  Allum  diffolved  in  water  J 


J  : . 


3.  Colours  changed  and  rejlored. 

%  '  *■  V  W  ■*  "  *  •'  N»'  • 

The  folution  of  verdigrife  becomes  colourlefs  by  the  affufion 
of  fpirit  of  nitre,  and  by  the  affufion  of  the  oil  of  tartar  it  be¬ 
comes  green  again. 

The  tindure  of  red  rofes  grows  black  by  the  folution  of  vi¬ 
triol,  but  is  red  again  by  means  of  oil  of  tartar. 

The  tindure  of  rofes  a  flumes  a  beautiful  red  colour  by  the 
affufion  of  fpirit  of  vitriol ;  the  addition  of  fpirit  of  fal  ammo- 
:niac  makes  it  green,  and  the  oil  of  vitriol  makes  it  red  again. 

The  folution  of  verdigrife  is  green,  but  it  becomes  colour¬ 
lefs  by  the  affufion  of  fpirit  of  vitriol,  the  fpirit  of  fal  ammo¬ 
niac  gives  it  a  purple  colour,  and  oil  of  vitriol  makes  it  pellucid. 
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The  folution  of  galls  with  vitriol  gives  black,  the  affufton  of 
oil  of  vitriol  deftroys  the  blacknefs,  and  it  becomes  pellucid  as 
before. 

This  author  thought  it  to  be  univerfally  true,  that  yellow  ve¬ 
getables,  diftolved  in  fpirit  of  wine,  gave  yellow  tindlures,  which 
are  either  not  at  all,  or  very  little  changed  by  acid,  alkaline,  or 
any  other  falts  ;  but  he  thought  there  were  fome  exceptions,  and 
fays,  that  when  oil  of  .vitriol  is  put  to  a  yellow  paint,  called  or - 
lean ,  it  becomes  of  a  beautiful  blue,  which  is  deftroyed  by  wa¬ 
ter,  or  any  fait. 

When  experiments  were  made  with  acidulous  or  vitriolic  wa¬ 
ter,  and  aftringent  fubftances,  the  following  were  the  refults. 
A  fmall  quantity  of  the  aftringent  fubftance,  with  iron,  excites 
a  black  colour.  A  greater  quantity  of  the  aftringent  produces 
blue,  more  of  it  makes  a  violet,  and  more  ftill  produces  purple. 

There  are  fome  tindlures,  the  colours  of  which  depend  upon 
the  external  air.  Such  is  the  red  tindture  made  of  Canarian 
lichen ,  commonly  called  orfeille ,  and  water,  or  a  diluted  fpirit  of 
wine,  with  lime  and  an  urinous  fait.  For  if  this  tindlure  be 
put  into  a  glafs  tube,  hermetically  fealed,  in  a  few  days  it  be¬ 
comes  colourlefs ;  and  when  the  tube  is  opened,  the  colour  re¬ 
turns.  The  Abbe  Nollet  made  a  variety  of  experiments  with 
this  tindture. 

Similar  to  the  experiments  above  mentioned  are  thofe  which  ♦ 
produce  what  are  commonly  called  fympathetick  inks ,  of  which 
M.  Hellot  has  given  the  following  fpecimens. 

If  litharge  be  diftolved  in  diftilled  vinegar,  and  letters  be  writ¬ 
ten  with  it,  and  dried  in  the  fhade,  nothing  will  appear ;  but  if 
it  be  waftied  with  a  folution  of  orpiment  in  lime  water,  the  let¬ 
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ters  will  be  firft  yellow,  and  then  black ;  and  aqua  fortis  will 
make  them  difappear  again.  If  a  folution  of  gold  in  aqua  regia 
be  diluted  with  five  times  as  much  water,  letters  written  with 
it  will  be  vifible  j  but  if  it  be  wafhed  with  a  folution  of  tin  in 
aqua  regia,  diluted  with  five  times  the  quantity  of  water,  the 
letters  will  become  purple. 

If  letters  be  written  with  a  folution  of  gold  in  aqua  regia,  di¬ 
luted  with  water,  and  be  expofed  to  the  air  in  drying,  they  will 
firfi:  become  yellow,  and  then  purple. 

If  letters  be  written  with  a  folution  of  zinc,  bifmuth,  or  co¬ 
balt,  in  aqua  fortis,  mixed  with  marine  fait,  and  purified,  they 
will  be  invifible  while  cold,  but  blue  when  hot.* 

The  refult  of  a  variety  of  mixtures  to  produce  colours  were 
recited  before  the  Royal  Society  by  Dr.  Goddard,  January  16, 
1661,  and  they  maybe  feen  inBirch’s  Hiftory,  Vol.  1,  p.  n„ 

I  (hall  conclude  this  lad  fe<5tion  of  my  work  with  fome  of 
Dr.  Hartley’s  obfervations  concerning  colours,  which  may  be 
worth  the  notice  of  philofophers,  independently  of  the  particu¬ 
lar  ufe  he  propofed  to  make  of  them,  which  was  to  fupport  his 
hypothefis,  that  the  extreme  red  rays  excite  vibrations  in  the  re¬ 
tina,  which  are  to  thofe  that  are  excited  by  the  extreme  violet 
ones,  as  1  to  2,  in  refpedl  of  frequency  ;  and  that,  in  going  from 
the  extreme  red,  to  the  extreme  violet,  the  excefs  of  vibrations 
excited  by  each  colour,  above  thofe  of  the  extreme  red,  will  be 
proportional  to  it$  diftance  from  the  extreme  red. 

If,  fays  he,  we  admit  thefe  two  fuppofitions,  then  the  vibra¬ 
tions  excited  by  the  extreme  red,  by  the  limit  of  red  and  orange, 
of  orange  and  yellow,  yellow  and  green,  green  and  blue,  blue 

*  Introdudtio,  Vol.  z,  p.  740,  Si c. 
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and  indigo,  indigo  and  violet,  and  by  the  extreme  violet,  as  thefe 
colours  are  fixed  by  Sir  Ifaac  Newton,  will  be  to  one  another  in 
frequency,  refpeCtively,  as  the  8  numbers  100,  112b,  120,  1337, 
150,  i66t,  177-5-,  and  200  3  the  diftances  of  thefe  feveral  limits, 
and  of  the  extreme  violet  from  the  extreme  red,  being  to  one  a- 
nother  refpeCtively  as  the  7  numbers  I2i,  20,  337,  50,  664, 
77!,  and  100. 

Now  the  firft  fuppofition  may  be  rendered  probable  thus. 
The  intervals  of  the  fits  of  eafy  reflexion  and  tranfmiflion  of 
the  red  and  violet,  in  the  fame  medium,  and  the  fame  angle 
of  refraction,  are  nearly  as  5  to  3.  See  Newton’s  Opticks, 
Book  2,  Obf.  13,  14,  and  Prop.  16.  But  the  red  is  lefs  refraCt- 
ed  by  the  coats  and  humours  of  the  eye  than  the  violet,  and  con- 
fequently  will  not  have  its  intervals  fo  much  diminifhed  in  pro¬ 
portion  3  whence  they  may  be  to  thofe  of  the  violet  as  6  to  3, 
or  2  to  1,  at  their  arrival  on  the  retina.  But  it  is  probable  that 
the  vibrations  of  the  rays  themfelves,  and  confequently  thofe 
which  they  excite  in  the  retina,  are  reciprocally  as  the  intervals 
of  their  fits.  The  frequency,  therefore,  of  the  vibrations  ex¬ 
cited  by  the  extreme  red,  may  be  to  that  of  the  vibrations  ex¬ 
cited  by  the  extreme  violet  as  1  to  2 .* 

Among  other  deductions  from  the  above  mentioned  hypothe- 
fis,  he  obferves,  that,  fince  the  greens  are  refpeCtively  to  the  yel¬ 
lows  on  one  hand  as  9  to  8,  and  to  the  blues  on  the  other  as  9 
to  10,  i.  e.  in  the  proportion  of  a  tone,  alfo  to  the  reds  on  one 
hand  as  4  to  3,  and  to  the  violets  on  the  other  as  3  to  4,  i.  e.  in 
the  proportion  of  a  4th  :  fince,  farther,  the  yellows  are  as  6 
to  5,  i.  e.  3ds  minor,  to  the  reds  3  as  4  to  5,  i.  e.  3ds.  major, 

*  Hartley’s  Obfervations  on  Man,  Vol.  1,  p.  193^ 
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to  the  blues;  and  as  2  to  3,  i.  e.  5ths  to  the  violets ;  fince  the 
blues  are  as  5  to  6,  i.  e.  3<Is  minor,  to  the  violets 3  and  as  3  to 
2,  i.  e.  5ths  to  the  reds  3  and  the  reds  as  9  to  16,  i.  e.  flat  7ths 
to  the  violets,  the  difference  of  vibrations  here  exhibited  may 
make  the  five  foregoing  colours  appear  diftimft  from  each  other 
to  the  mind,  for  the  fame  reafons,  whatever  they  may  be,  that 
take  place  in  founds.  For  natural  bodies  reflect  all  thefe  co¬ 
lours  in  great  abundance,  and  in  fufhcient  purity  for  this  pur- 
pofe.  We  may  begin  from  green,  as  the  molt  common  of  all. 
When  this,  as  reflected  by  grafs,  fuppofe,  has  been  fufliciently 
familiarized  to  the  eye  of  a  child,  it  is  reafonable  to  think  that 
it  may  be  diftinguifhed  from  yellow  and  blue,  and  much  more 
from  red  and  violet,  as  reflected  by  flowers,  alfo  that  thefe  may 
be  diftinguifhed  from  each  other.  And  it  feemed  to  him  that 
our  fixed  point  ought  to  be  placed  in  green,  from  the  common- 
nefs  and  purity  of  the  green  of  the  third  order,  i.  e.  of  grafs  and 
vegetables  in  general.  For  the  fame  reafons  one  may  expert  that 
the  feveral  fhades  of  red,  orange,  green,  blue  and  violet,  fhould 
be  confldered  as  feveral  degrees  of  the  fame  colour,  viz.  on  ac¬ 
count  of  the  fmall  difference  of  vibrations.  At  leaft,  this  cor- 
refponds  to  the  ufual  method  of  proceeding  in  other  things. 
We  diftinguifh  great  differences  in  our  fenfations  by  new  names, 
but  refer  all  fuch  as  are  nearly  related  to  the  fame.  And  thus  the 
two  foregoing  fuppofitions  furnifh  us  with  a  natural  reafon  for 
diftinguifhing  the  primary  colours  into  five,  viz.  red,  yellow, 
green,  blue,  and  violet  3  which,  agreeably  to  this,  were  all  that 
Sir  Ifaac  Newton  himfelf  diftinguifhed  the  oblong  folar  image 
into  for  fome  time,  as  may  appear  by  his  Optical  lectures.* 


It  is 


*  Hartley’s  Obfervations  on  Man,  Vol.  1,  p.  193. 
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It  is  remarkable,  he  fays,  that  the  order  of  the  five  tones  and 
two  femitones  of  an  odlave,  which  correfponds  to  the  order  of 
the  feven  primary  colours,  is  the  fecond  in  abfolute  perfe&ion  ; 
which  he  had  from  a  MS.  paper  of  Sir  Ifaac  Newton’s  on  Mufic, 
not  yet  published;  and  the  firft  in  relative,  i.  e.  of  thofe  in 
-which  the  femitones  are  at  equal  diftances  from  the  middle  or  ex¬ 
tremes  }  which  circumfhance  is  evidently  necefifary  in  the  order 
of  the  colours.  For  if  diftinft  colours  arife  from  ratio’s,  and  a 
half-note  colour  arife  next  after  the  red ;  if,  fays  he,  you  begin 
at  one  end  ;  a  correfponding  one  ought  to  appear  next  after  the 
violet,  if  you  begin  at  the  other.  The  famenefs  of  the  ratio’s 
that  muft  arife  makes  this  necefiary,  on  the  fuppofition  that  the 
diflindtion  of  colours  is  founded  on  ratio’s. 

Farther,  if  the  diftindlion  of  colours  arife  from  the  ratio’s  of 
vibrations,  the  colours  may  be  expe&ed  to  be  broader  where  the 
vibrations  are  more  numerous  ;  becaufe  a  greater  addition  muft 
be  made  to  a  greater  number,  in  order  to  make  an  equal  ratio. 
And  there  is  a  certain  breadth  for  each  of  the  colours  refpedtive- 
ly,  which  fuits  each  fet  of  ratio’s  of  vibrations  that  they  can  be 
fuppofed  to  bear  to  one  another,  according  to  any  fuppofed  law 
of  increafe  of  the  vibrations,  in  pafiing  from  one  end  of  the  fo- 
lar  image  to  the  other.  Since,  therefore,  the  breadth  of  the 
feven  primary  colours,  as  determined  by  Sir  Ifaac  Newton,  fuits 
the  fimpleft  ratio’s  pofiible,  according  to  the  fimpleft  law  of  in¬ 
creafe  poflible,  we  feem  to  have  from  thence  an  argument  both 
for  the  dodtrine  of  vibrations  in  general,  and  for  the  particular 
ratio’s  of  vibrations  here  alledged.  There  are  two  things,  he 
fays,  in  this  matter,  which  deferve  particular  notice,  firfi:,  that 
Sir  Ifaac  Newton’s  fpe&rum  was  about  ten  inches  long,  and  con- 
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fequently  the  breadths  of  the  feven  primary  colours,  red,  orange, 
yellow,  green,  blue,  indigo,  violet  in  inches,  1,  25  ;  o,  75  ;  1, 
33  :  1 ,  66 ,  1,  66;  1,  11  ;  2,  22;  which  magnitudes  are  fo 
confiderable,  that  a  fmall  error  in  fixing  the  limit  of  a  colour 
does  not  much  affe<5t  their  mutual  ratio’s.  Secondly,  that  the 
limits  of  the  colours  were  determined  in  a  way  that  had  no  de¬ 
pendence  on  any  hypothefis,  and  the  operation  was  repeated  fe- 
veral  times.  However,  it  may  perhaps,  he  fays,  be  worth  the 
time  and  pains  of  fome  curious  experimenter  to  examine  the 
breadths  of  the  feven  primary  colours  a  frefh,  and  compare  them 
with  the  hypothefis  here  propofed.* 

*  Hartley’s  Qbfervations  on  Man,  Vol.  1,  p.  196. 
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A  GENERAL  SUMMARY  OF  THE  DOCTRINE  CON¬ 
CERNING  LIGHT. 


TH  E  more  we  know  of  any  branch  of  fcience,  the  lefs  is 
the  compafs  into  which  we  are  able  to  bring  its  princi¬ 
ples,  provided  the  fadts  from  which  they  are  inferred  be  nume¬ 
rous.  Becaufe,  in  an  advanced  flate  of  knowledge,  we  are  able 
to  reduce  more  of  the  particular  into  general  obfervations ;  where¬ 
as,  in  the  infancy  of  a  fcience,  every  obfervation  is  an  indepen¬ 
dent  fadt ;  and,  in  delivering  the  principles  of  it,  they  muft  all 
be  diftindtly  mentioned ;  fo  that  though  a  felediion  may  be  made, 
a  proper  abridgement  is  impoffible. 

Notwithftanding  the  vaft  additions  that  have  been  made  to  the 
fcience  of  opticks  within  the  laft  hundred  years,  a  judicious 

furnmary  of  the  whole  will  be  much  fhorter  now,  than  it  would 

¥ 

have  been  a  century  ago,  and  yet  I  hope  it  is  much  larger  than 
there  will  be  any  neceffity  of  making  it  a  century  hence  ;  as  it 
may  be  prefumed  that,  by  that  time,  a  connedtion  will  be  traced 
between  many  fadts,  w7hich  now  appear  to  be  unconnedted  and 
independent  of  one  another,  and  therefore  require  to  be  recit¬ 
ed  feparately. 
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To  be  as  concife  as  pofliblc  in  delivering  the  elementary  prin¬ 
ciples  of  the  dodtrine  concerning  light,  I  fliall  purpofely  omit 
the  application  of  them  to  any  of  the  phenomena  of  nature, 
though  that  be  the  chief  objedl  in  all  pbilofophical  inquiries  ;  it 
being  my  bufinefs  at  prefent,  barely  to  recite  the  knowledge  we 
have  acquired  of  the  laws  of  nature ,  as  difeovered  by  an  atten¬ 
tion  to  thofe  appearances. 

The  obfervations  that  were  made  in  the  firft  part  of  the  lad; 
period  of  this  hiftory  will  authorize  us  to  take  it  for  granted,  that 
light  confifts  of  very  minute  particles  of  matter,  emitted  from 
luminous  bodies.  Some  of  thefe  particles,  falling  upon  other 
bodies,  are  reflected  from  them,  in  an  angle  equal  to  that  of 
their  incidence,  while  other  particles  enter  the  bodies;  being  ei¬ 
ther  bent  towards  or  from  a  perpendicular  to  the  furface  of  the 
new  medium,  if  the  incidence  be  oblique  to  it.  In  general, 
rays  of  light,  falling  obliquely  on  any  medium,  are  bent  as  if 
they  were  attracted  by  it,  when  it  has  a  greater  degree  of  den- 
fity,  or  contains  more  of  the  inflammable  principle,  than  the 
medium  through  which  it  was  tranfmitted  to  it.  More  of  the 
rays  are  refledled  when  they  fall  upon  a  body  with  a  fin  all  degree 
of  obliquity  to  its  furface,  and  more  of  them  are  tranfmitted,  or 
enter  the  body,  when  their  incidence  is  nearer  to  the  perpen¬ 
dicular. 

The  velocity  with  which  light  is  emitted  and  reflected  is  the 
fame ;  and  fo  great,  that  it  pafles  from  the  fun  to  the  earth  in 
the  fpace  of  about  eight  minutes  and  twelve  feconds.  The  velo¬ 
city  of  light  is  fuppofed  to, be  increafed  or  diminifhed  by  refrac¬ 
tion,  in  proportion  to  the  degree  in  which  the  angle  of  refradtioa 
is  lefs,  or  larger  than  the  angle  of  incidence. 
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Rays  of  light,  emitted  or  reflected  from  bodies,  enter  the  pu¬ 
pil  of  the  eye,  and  are  fo  refraCted  by  the  humours  of  it,  as  to 
be  united,  accurately,  or  nearly  fo,  at  the  furface  of  the  retina, 
or  choroides,  and  fo  make  images  of  objects,  by  means  of  which 
they  are  vifible  to  us. 

When  a  beam  of  light  is  bent  out  of  its  courfe  by  refraction, 
all  the  rays  of  which  it  confifts  are  not  equally  refraCted,  but  fome 
more  and  others  lefs ;  and  the  colour  which  they  are  difpofed  to 
exhibit,  is  connected  invariably  with  the  degree  of  their  refran- 
gibili  ty.  The  red  coloured  rays  are  the  leafl,  and  the  violet  the 
inoft  refrangible  and  the  reft  are  more  or  lefs  fo,  in  proportion 
to  their  nearnefs  to  thefe,  which  are  the  extremes,  in  the  follow¬ 
ing  order ;  violet,  indigo,  blue,  green,  yellow,  orange,  red. 

Thefe  colours,  when  they  are  feparated  as  much  as  poffible, 
are  ftill  contiguous,  and  all  the  fhades  of  each  colour  have,  like- 
wife,  their  feparate  and  invariable  degrees  of  refrangibility. 
When  they  are  feparated  by  refraCtion,  the  extremes  are  re¬ 
moved  from  one  another  to  fuch  a  diftance,  that  they  divide 
the  whole  fpace  between  them  exaCtly  as  a  mufical  chord  is  di¬ 
vided,  in  order  to  found  the  feveral  notes  and  half  notes  of  an 
oCtave.  The  mixture  of  all  thefe  differently  coloured  rays,  in 
the  proportion  in  which  they  cover  the  fpace,  fo  divided,  makes 
a  white,  and  the  abfence  of  all  light  is  blacknefs. 

The  degree  in  which  thefe  differently  coloured  rays  are  fepa¬ 
rated  from  one  another,  is  not  in  proportion  to  the  mean  refrac¬ 
tive  power  of  the  medium,  but  depends  upon  the  peculiar  con- 
ftitution  of  the  fubfhmce  by  which  they  are  refraCted.  The  dif- 
perfing  power  of  glafs,  into  the  compofition  of  which  lead  en¬ 
ters,  is  great  in  proportion  to  the  mean  refraCtion  ;  and  it  is  lit¬ 
tle  in 
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tie  in  proportion  to  it  in  that  glafs  in  the  compofition  of  which 
there  is  much  alkaline  fait. 

Not  only  have  the  different  rays  of  light  thefe  different  pro¬ 
perties  with  refpedl  to  bodies,  fo  as  to  be  more  or  lefs  refracted, 
or  difperfed  by  them  3  but  the  different  fides  of  the  fame  rays 
have  different  properties  3  for  they  are  differently  affedled  accord¬ 
ing  to  the  fides  with  which  they  are  prefented  to  Ifland  crydal. 
With  the  fame  degree  of  incidence,  they  are  refradled  in  diffe¬ 
rent  angles. 

Rays  of  light  are  not  refledled  or  refradled  by  impinging  on 
the  folid  parts  of  bodies,  but  by  virtue  of  a  power  which  ex¬ 
tends  to  fome  diflance  from  the  furface.  They  are  refradled  by 
a  power  of  attradlion,  and  rededled  by  a  power  of  repulfion. 

At  the  fil'd:  furface  of  any  body,  rays  of  all  kinds  are  promif- 
cuoufly  refledted  or  tranfmitted 3  but  if  the  next  furface  be  very 
near  to  it,  fo  that  their  powers  of  attradlion  and  repulfion  inter¬ 
fere,  the  rays  are  affedted  in  fuch  a  manner,  that,  in  fome  parti¬ 
cular  places,  thofe  of  one  colour  only  are  reflected,  and  thofe  of 
another  colour,  chiefly,  are  tranfmitted 3  and  thofe  places  occur 
alternately  for  rays  of  each  of  the  colours,  in  pairing  from  the 
thinned:  to  the  thickeft  parts  of  the  medium  3  fo  that  feveral  fe- 
ries,  or  orders  of  colours,  will  be  vidble  on  the  furface  of  the 
fame  thin  tranfparent  body. 

When  rays  of  light  pafs  near  to  any  body,  fo  as  to  come  with¬ 
in  the  fphere  of  its  attradlion  or  repulfion,  an  inflection,  that  is 
a  partial  refradlion  or  rededlion,  of  all  the  rays  takes  place  3  all 
the  kinds  being  bent  either  towards,  or  from  the  body  3  and 
thefe  powers  afFedling  fome  rays  more  than  others,  within  the 
fame  diflance,  they  are,  by  this  means,  alfo,  fcparated  from  one 

5  B  2  another  3 
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another  ;  fo  that  coloured  ftreaks  appear  both  within  the  fhadow, 
and  on  the  outfide  of  it.  The  red  is  infleCted  at  the  greateft  dif- 
tance  from  all  bodies.  There  are  feveral  diflances  at  which  the 
different  rays  are  differently  affeCted  by  the  powers  that  are 
lodged  at  the  furfaces  of  the  bodies,  to  which  they  make  a  near 
approach,  fo  that  different  orders  of  colours  are  made  by  rays 
which  come  within  different  diflances  from  the  bodies.  Three 
of  thefe  orders  have  been  obferved. 

Part  of  the  light  which  falls  upon  bodies  is  retained  within 
them,  and  proceeds  no  farther.  This  is  more  efpecially  the  cafe 
in  refpeCt  to  light  falling  with  certain  degrees  of  obliquity  on  the 
furfaces  of  bodies.  Part  of  this  light  is  retained  fo  loofely  by 
fome  kinds  of  bodies,  that  a  very  fmall  degree  of  heat'  makes 

them  emit  it  again  }  but  the  more  heat  is  applied  to  them,  the 

% 

fooner  is  the  light  they  have  imbibed  expelled. 

Not  only  do  bodies  become  luminous  when  they  are  heated 
to  fuch  a  degree  that  their  texture  is  intirely  deflroyed  by  it,  and 
their  near  approach  gives  us  the  fenfation  of  intenfe  burning  ; 
but  light  is  alfo  emitted  by  bodies  which  are  not  in  the  leaf!  fen- 
fibly  hot.  This  has  been  obferved  with  refpeCt  to  many  fub- 
flances  tending  to  putrefaction,  and  alfo  in  phofphorus. 
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H  ints  of  some  DESIDERATA  in  the  doctrine 

OF  VISION,  LIGHT,  AND  COLOURS. 


IF  we  confider  the  infantine  ftate  of  our  knowledge,  con¬ 
cerning  vifion,  light  and  colours,  about  a  century  ago,  very 
great  advancements  will  appear  to  have  been  made  in  this  branch 
of  fcience ;  and  yet  a  philofopher  of  the  prefent  age  has  more 
defiderata,  can  ftart  more  difficulties,  and  propofe  more  new  fub- 
jedts  of  inquiry  than  even  Alhazen  or  Lord  Bacon.  The  reafon 
is  that,  whenever  a  new  property  of  any  fubftance  is  difco- 
vered,  it  appears  to  have  connections  with  other  properties,  and 
other  things,  of  which  we  could  have  no  idea  at  all  before ;  and 
which  are,  by  this  means,  but  imperfedtly  announced  to  us. 
Indeed,  every  doubt  implies  fome  degree  of  knowledge ;  and 
while  nature  is  a  field  of  fuch  amazing,  perhaps  boundlefs  ex¬ 
tent,  it  may  be  expedted  that  the  more  knowledge  we  gain,  the 
more  doubts  and  difficulties  we  fhall  have  ;  but  Hill,  fince  every 
advance  in  knowledge  is  a  real  and  valuable  acquifition  to  man¬ 
kind,  in  confequence  of  its  enabling  us  to  apply  the  powers  of 
nature  to  render  our  fituation  in  life  more  happy,  we  have  reafon 
to  rejoice  at  every  new  difficulty  that  is  ftarted  ;  becaufe  it  in¬ 
forms  us  that  more  knowledge,  and  more  advantage  are  yet  un¬ 
attained,  and  fhould  ferve  to  quicken  our  diligence  in  the  pur- 
fuit  of  them.  Every  defideratum  is  an  imperfedt  difcovery. 

Having 
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Having  taken  a  retrofpe&ive  view  of  the  principal  difcoveries 
that  have  been  made  relating  to  vifion,  light,  and  colours,  I  (hall 
now  endeavour  to  furnilh  my  reader  with  the  bed:  lights  that  I 
can  afford  him,  in  order  to  look  forward  into  the  yet  undifcover- 
ed  regions  of  this  branch  of  fcience,  by  reciting  the  principal 
articles,  concerning  which  we  are  the  mod  ignorant,  and  giv¬ 
ing  fome  hints  with  refpeCt  to  fuch  things  as  feem  to  lie  mod 
contiguous  to  the  difcoveries  that  have  already  been  made.  As 
the  greated  refpeCt  is  certainly  due  to  every  hint  that  has  been 
futnidied  us  by  Sir  Ifaac  Newton,  I  diall  be  particularly  careful 
to  introduce  into  this  part  of  my  work  all  thofe  queries  of  his 
that  more  immediately  relate  to  this  fubjeCt,  beginning  with 
thofe  which  contain  his  conjectures  concerning  the  nature  of  light, 
and  the  manner  in  which  it  is  emitted  from  luminous  bodies. 

Are  not,  fays  he,  grofs  bodies  and  light  convertible  into  one 
another,  and  may  not  bodies  receive  much  of  their  activity  from 
the  particles  of  light  which  enter  their  compofition  ?  For  all 
fixed  bodies,  being  heated,  emit  light  as  long  as  they  continue 
diffidently  hot,  and  light  is  dopped  in  bodies  as  often  as  its  rays 
drike  upon  its  parts.  I  know  no  body,  fays  he,  lefs  apt  to  fhine 
than  water  ;  and  yet  water,  by  frequent  didillations,  is  changed 

into  fixed  earth,  as  Mr.  Boyle  has  tried ;  and  then  this  earth, 

>  < 

being  able  to  endure  a  fufficient  heat,  fhines  by  heat  like  other 
bodies.  The  changing  of  bodies  into  light,  and  of  light  into 
bodies,  is  very  conformable,  he  fays,  to  the  courfe  of  nature, 
which  feems  to  be  delighted  with  tranfmutations.* 

This  opinion  of  the  convertibility  of  bodies  into  light  feems 
to  be  very  probable.  It  remains,  however,  a  doubt  whether,  as 


*  Opticks,  p.  349. 
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M.  Mufchenbroeck  obferves,  terreftrial  bodies  be  capable  of  be¬ 
ing  turned  into  light,  or  light  be  afubftance  fui generis,  united  to 
them,  and  incorporated  with  them,  like  air  in  a  fixed  ftate.* 
M.  Bofcovich  feems  to  confider  the  matter  of  light  as  a 
principle  in  the  conftitution  of  natural  bodies,  and  fuppofes 
that  fire  is  a  fermentation  between  it  and  the  fulphureous 
principle,  by  which  the  former  is  thrown  off  in  fmall  particles, 
in  the  fame  manner  as  fpecific  effluvia  arife  from  other  fermenta¬ 
tions. He  alfo  advances  other  reafons  for  this  hypothefis,  de¬ 
pending  upon  his  theory  concerning  the  fits  of  eafy  reflexion 
and  tranfmiflion,  mentioned  above.  § 

Sir  Ifaac  NewTton,  in  his  feventh  query,  feems  to  fuppofe  that 
the  firength  and  vigour  of  the  adtion  between  light  and  fulphure¬ 
ous  bodies  is  one  reafon  why  they  take  fire  more  readily,  and 
burn  more  vehemently  than  other  bodies.  But  later  difcoveries 
feem  to  make  it  probable  that  this*  readinefs  of  what  Newton 
calls  fulphureous  bodies  to  take  fire,  depends  upon  their  containing 
fome  peculiar,  diftindt,  and  feparable  principle  in  their  compo- 
fition,  which  makes  them  fo  adapted  to  the  air,  that  when  they 
have  attained  a  certain  degree  of  heat,  they  will  even  grow  flill 
hotter  by  the  free  admiffion  of  it,  fo  as  readily  to  propagate  the 
fame  degree  of  heat  among  other  bodies. 

The  following  queries  of  Sir  Ifaac  Newton  relating  to  this 
fubjedl  have  a  great  degree  of  probability. 

Do  not  all  fixed  bodies,  when  they  are  heated  beyond  a  certain 
degree,  emit  light,  and  fhine  ?  And  is  not  this  emiflion  perform¬ 
ed  by  the  vibratory  motion  of  their  parts ;  and  do  not  all  bodies 
which  abound  with  terreftrial  parts,  and  efpecially  with  ful- 

#  Mufcheobroeck’s  Introdu&jo,  p.  6^9.  f  Theoria,  p.  215,  217.  §  lb.  p.  231. 
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phurcous  ones,  emit  light  as  often,  as  thofc  parts  are  fuffictently 
agitated,  whether  that  agitation  be  made  by  heat,  by  friction,  by 
percufiion,  by  putrefaction,  by  vital  motion,  or  any  other 
caufe  ?* 

Is  not  fire  a  body  heated  fo  hot  as  to  emit  light  copioufly  ? 
For  what  elfe  is  red  hot  iron  but  fire,  and  what  elfe  is  a  burning 
coal,  than  red  hot  wood  ? 

Is  not  flame  a  vapour,  fume,  or  exhalation  heated  red  hot, 
that  is,  fo  hot  as  to  fhine  ;  for  bodies  do  not  flame  without  e- 
mitting  a  copious  fume,  and  this  fume  burns  in  the  flame  ? 

Do  not  great  bodies  preferve  their  heat  the  longefl:,  their  parts 
heating  one  another ;  and  may  not  large,  denfe,  and  fixed  bo¬ 
dies,  when  heated  beyond  a  certain  degree,  emit  light  fo  co¬ 
pioufly,  as,  by  the  emifiion  and  reaction  of  its  light,  and  the  re¬ 
flexions  and  the  refractions  of  its  rays  wfithin  its  pores,  to  grow 
Aill  hotter,  till  it  comes  to  a  certain  period  of  heat,  fuch  as  is 
that  of  the  fun  ?  And  are  not  the  fun  and  fixed  Aars  great  earths, 
vehemently  hot,  the  heat  of  which  is  preferved  by  the  caufes 
above  mentioned,  and  the  parts  of  which  are  prevented  from 
fuming  away,  not  only  by  their  fixity,  but  alfo  by  the  vaA 
weight  and  denfity  of  their  atmofpheres,  which  very  Arongly 
comprefs  them,  and  condenfe  the  vapours  and  exhalations  which 
arife  from  them  ? 

Whatever  be  the  nature  of  light,  the  aAonifliing  velocity  with 
which  it  is  projected  from  luminous  bodies  makes  it  difilcult  to 
conceive  in  what  manner,  and  by  what  kind  of  force  it  is  pro¬ 
duced.  This  M.  Mufchenbroeck  makes  one  of  his  queries.  § 

*  Newton’s  Opticks,  p.  313*  §  Introdudtio,  p.  690. 
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He  likewife  alks  what  becomes  of  the  light  that  is  emitted 
from  the  fun.  Does  it,  fays  he,  return  to  the  fun,  or  does  it 
make  its  way  through  infinite  fpace  ?  The  latter  feems  to  be  the 
more  probable  fuppofition.  Indeed,  we  can  hardly  think  of  the 
immenfe  fpace  which  the  light  of  fome  of  the  fixed  liars  does 
actually  traverfe,  and  (as  may  be  inferred  from  Dr.  Bradley’s  ob- 
fervations)  without  any  fenfible  abatement  of  its  velocity,  and  fup- 
pofe  that  it  can  return.  It  is  probable,  therefore,  that  light  once 
emitted  from  luminous  bodies  never  returns  to  them.  Befides 
the  calculation  made  by  Mr.  Michell,  to  prove  the  very  incon- 
fiderable  diminution  of  the  body  of  the  fun  in  the  fpace  of  fe- 
veral  thoufand  years,  makes  the  fuppofition  of  the  return  of  the 
light  altogether  unnecelfary.* 

M.  Mufchenbroeck  queflions  whether  light  be  projected  from 
all  bodies  with  equal  velocity,  though  he  admits  that  it  may  be 
inferred,  from  the  obfervations  of  Dr.  Bradley,  that  it  is  emitted 
from  the  fun  and  the  fixed  liars  with  equal  velocity.  §  But 
fuppofing  light  to  be  refracted,  after  palling  through  any  medi¬ 
um,  by  the  attracting  power  of  that  medium,  at  its  furface ; 
lince  the  fame  coloured  rays,  from  whatever  bodies  they  are 
emitted,  are  equally  refra&ed,  it  is  manifelt  that  their  original 
velocity,  at  their  incidence  upon  the  refraCting  medium,  mull 
have  been  the  fame. 

From  what  has  been  written  concerning  the  phyfical  caufe  of 
the  reflexion,  refra&ion,  and  inflection  of  light,  it  has  been 
made  fufficiently  evident,  that  the  motion  of  light  in  thefe  cafes, 


*  It  appeal's,  by  calculation,  that  the  greateft  diminution  which  light  emitted  from 
the  fun  can  receive  in  its  velocity,  from  attraction  towards  the  fun,  in  infinite  time,  is 
only  about  the  500,000th  part  of  the  whole.  §  Introduftio,  p.  690. 
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is  not  produced  in  a  manner  fimilar  to  the  motion  of  common 
projectiles  ;  and  philofophers  are  now  almoft  univerfally  agreed, 
with  Sir  Ifaac  Newton,  that  thefe  effeCts  are  produced  by  certain 
powers  of  attraction  and  repulfion ,  extending  beyond  the  furfaces 
of  bodies.  But,  not  content  with  retting  the  matter  here 
(which,  indeed,  is  little  more  than  a  confeffion  of  our  ignorance) 
Newtonproceedsalittlefarther,  and  propofes  a  conjecture  concern¬ 
ing  the  phyfical  caufe  of  this  attraction  and  repulfion ;  but  his 
hypothefis  feems  to  labour  under  as  many  difficulties  as  the  hy- 
pothefis  of  the  mechanical  production  of  the  motion  of  light 
without  attraction  or  repulfion.  I  ffiall,  however,  fubjoin  two 
queries  of  his  upon  this  fubjeCt,  without  entering  into  any  par¬ 
ticular  difcuffion  of  his  hypothefis  in  this  place. 

Does  not  the  refraCtion  of  light  arife  from  the  different  den- 
iity  of  an  etherial  medium  in  different  places,  the  light  always 
receding  from  the  denfer  parts  of  the  medium  ?  And  is  not  the 
denfity  of  it  greater  in  free  and  open  fpaces  void  of  air,  and  o- 
ther  grofs  bodies,  than  within  the  pores  of  water,  glafs,  cryftal, 
gems,  and  other  compact  bodies  ?  For  when  light  paffes  through 
glafs  or  cryftal,  and  falling  very  obliquely  upon  the  farther  fur- 
face,  is  all  reflected,  the  total  reflexion  ought  to  arife  rather  from 
the  denfity  and  vigour  of  the  medium  without  and  beyond  the 
glafs,  than  from  the  rarity  and  weaknefs  of  it  ? 

Does  not  this  etherial  medium,  in  paffing  out  of  water,  glafs, 
cryftal,  and  other  compaCt  and  denfe  bodies,  into  empty  fpaces, 
grow  denfer  and  denfer  by  degrees,  and  by  that  means  refraCt  the 
rays  of  light,  not  in  a  point,  but  by  bending  them  gradually  in 
curve  lines  ?  And  does  not  the  gradual  condenfation  of  this  me¬ 
dium  extend  to  fome  diftance  from  the  bodies,  and  thereby  caufe 
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the  inflexions  of  the  rays  of  light,  which  pafs  by  the  edges  of 
the  denfe  bodies,  at  fome  diflance  from  the  bodies  ?  * 

The  caufe  of  the  extinction  of  light  in  bodies,  is  a  fubjeCt  of 
very  great  difficulty.  If  light  was  fubjeCt  to  no  laws  but  thofe 
of  reflexion  and  refraction,  no  place  into  which  light  was  ad¬ 
mitted  would  ever  be  dark,  and  the  light  of  the  whole  univerfe 
would  be  continually  increafed.  If  the  fame  caufe  produce  all 
thefe  effeCts,  it  might  be  expeCted  that  it  would  fometimes  pro¬ 
duce  effeCts  of  an  intermediate  kind  ;  in  confequence  of  which, 
light  might  not  always  be  reflected  or  refraCted  with  equal  velo¬ 
city.  M.  Bouguer  fuppofes  that  the  power  which  abforbs  or  ex- 
tinguifhes  the  light  is  confined  to  the  furfaces  of  bodies,  and  that 
it  operates  chiefly  when  the  rays  fall  upon  it  with  a  certain  de¬ 
gree  of  obliquity,  whereas  Newton  fuppofes  that  a  ray  is  never 
flopped  but  when  it  impinges  on  fome  of  the  folid  parts  of 
bodies. 

To  whatever  caufe  it  be  owing  that  light  is  flopped  in  bodies, 
the  queflion  is.  What  becomes  of  it  ?  The  light  that  is  again 
emitted  by  phofphoreal  fubftances  is  trifling  compared  with  that 
amazing  quantity  which  is  received  and  abforbed  by  all  terreftri- 
al  bodies  from  the  light  of  the  fun.  Perhaps,  if  experiments 
were  made  on  odours,  and  other  effluvia  ;  which  are,  in  fome  re- 
fpeCts,  fimilar  to  light,  this  fubjeCt  might  be  in  a  way  of  being 
fomewhat  better  underflood. 

Much,  it  muff  be  acknowledged,  has  been  done  with  refpeCt 
to  the  colours  of  thin  plates  j  but  a  complete  illuffration  of  this 
difficult  fubjeCt  feems  to  be  ffill  wanting.  The  power  which  is 
lodged  at  the  firff  furface  of  any  body  feems  to  affeCt  all  the  rays 


*  Introdudio,  p.  32+. 
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equally,  reflecting  or  tranfmitting  them  promifcuoufly  ;  and  yet 
if  two  furfaces  be  fo  near  to  one  another,  that  their  powers  can 
interfere,  they  do  not  affeCt  all  the  rays  promifcuoufly.  The 
effects  of  thefe  powers,  therefore,  as  they  difcover  them- 
felves  by  this  combination,  yet  remain  to  be  inveftigated.  That 
this,  as  well  as  reflexion  and  refraction,  in  general,  is  effected 
by  powers  of  attraction  and  repulfion,  extending  to  fome  dis¬ 
tance  beyond  the  furfaces  of  bodies,  is  fufficiently  probable  ;  but 
what  thefe  powers  are  with  refpeCt  to  the  different  kinds  of  rays 
is  not  fufficiently  known ;  and  this  is  the  thing  that  is  neceffary 
to  the  complete  elucidation  of  this  fubjeCt.  It  might  be  worth 
while  to  give  more  attention  to  the  obfervations  of  the  Abbe 
Mazeas,  and  to  compare  them  with  thofe  of  Sir  Ifaac  Newton, 
I  muft  acknowledge,  however,  that  the  more  I  confider  the  ex¬ 
periments  of  the  Abbe  Mazeas,  the  lefs  I  fee  in  them  that  feems 
to  differ  from  the  obfervations  of  Newton.  The  experiments  of 
the  Due  De  Chaubres  on  the  very  obfeure  fubjeCt  of  the  colours 
of  thick  plates  have  by  no  means  been  fufficiently  explained  by 
himfelf ;  and  it  feems  very  poffible  to  diverfify  them  much  more 
than  he  has  done,  and  to  confiderable  advantage. 

The  doCtrine  of  the  inflection  of  light  feems  to  be  very  capable 
of  much  farther  illuflration,  though  the  general  nature  of  it  be 
fufficiently  known.  The  origin  of  the  three  coloured  ftreaks,  on 
each  fide  of  the  termination  of  the  fhadows  of  bodies,  has  not 
been  fatisfaCtorily  traced.  Newton  conjectured  that  light  bends 
in  its  motion,  like  an  eel,  in  palling  by  the  edges  of  bodies  $ 
but  will  not  the  fuppofition  of  there  being  feveral  definite  dis¬ 
tances,  at  which  there  is  a  reflection  or  tranfmiffion  of  light, 
account  for  the  fame  appearances  rather  more  naturall/.  That 


DESIDERATA. 


781 

the  fame  particle  of  light  Should  turn  feveral  times,  backwards 
and  forwards,  in  this  cafe,  feems  to  be  a  kind  of  hypothefis  that 
one  would  not  chufe  to  have  recourfe  to  without  neceflity.  As 
the  inflexion  of  light  is  capable  of  being  much  more  diverfified 
than  Ample  reflexion  or  refradtion,  it  may  poflibly  be  a  clue  to 
lead  us  to  a  more  perfect  knowledge  of  thefe  two  other  properties. 

It  feems  to  be  hardly  poflible  to  throw  more  light  on  the  fub- 
jedt  of  the  ordinary  rainbows  that  has  been  done  already  ;  but  the 
attempts  to  explain  other  atmofpherical  appearances,  as  halo’s, 
parhelia,  and  the  magnificent  phenomena  which  attend  them, 
confifting  of  luminous  circles,  fome  of  which  have  their  cen¬ 
ters  in  the  fun,  and  others  in  the  zenith,  have  been  by  no  means 
fatisfadtory.  The  fame  may  be  faid  of  the  additional  rows  of 
colours  within  the  common  rainbow,  obferved  by  Dr.  Lang- 
with,  and  thofe  defcribed  by  M.  Bouguer,  as  feen  by  himfelf 
and  his  companions  on  the  Andes. 

The  obfervations  that  have  been  made  on  the  refradtive  power 
of  IJland  cryjtal  demonstrate  the  properties  of  the  rays  of  light  to 
be  fo  various,  and  extraordinary,  as  cannot  but  excite  our  utmoSt 
attention  to  the  fubjedt.  It  is  poflible,  alfo,  that  the  examina¬ 
tion  of  other  natural  fubSlances  may  be  a  means  of  difcovering 
more  properties  of  light.  The  obfervations  of  Mr.  Martin  may 
depend  upon  fomething  of  which  we  are  not  apprized,  or  they 
may  refult  from  the  interference  of  the  crystallizations  with  one 
another. 

The  nature  of  vijion,  in  general,  feems  to  be  very  well  under¬ 
stood  ;  and  there  are  few  phenomena  belonging  to  it  that  have  not 
been  fatisfadtorily  explained  j  but  it  may  be  poflible  to  add  fome¬ 
thing  more  deciflve  for  or  againft  the  retina  being  the  place 
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where  the  pencils  of  rays  terminate ;  or,  in  other  words,  being 
the feat  of  vlfion ,  than  has  yet  been  advanced  by  the  advocates 
for  either  of  the  opinions :  Alfo  the  doCtrine  of  Jingle  cvJion  with 
two  eyes  is  not  without  fome  remaining  doubts  and  difficulties. 

Sir  Ifaac  Newton  advances  fome  probable  conjectures  concern¬ 
ing  the  manner  in  which  vifion  is  performed  after  the  images  of 
objeCts  have  been  made  within  the  eye,  and  his  hypothecs  has 
been  carried  much  farther,  and  illuftrated  at  large  by  Dr.  Hart¬ 
ley.  What  Newton  fays  upon  the  fubjeCt  is  contained  in  the 
following  queries. 

Do  not  the  rays  of  light,  in  falling  upon  the  bottom  of  the 
eye,  excite  vibrations  in  the  retina,  which  vibrations,  being 
propagated  along  the  folid  fibres  of  the  optick  nerves  into  the 
brain,  are  the  caufe  of  vifion  ? 

Do  not  different  rays  excite  vibrations  of  different  bigneffes, 
as  different  vibrations  of  the  air  excite  different  founds,  and  par¬ 
ticularly,  do  not  the  mofl  refrangible  rays  excite  the  lhortefl 
vibrations,  and  the  leaf!  refrangible  ones  the  longefi:  ? 

May  not  the  harmony  and  difcord  of  colours  arife  from  the 
proportions  of  thefe  vibrations  ?  For  fome  colours,  if  they  be 
viewed  together,  are  agreeable  to  one  another,  as  thofe  of  gold 
and  indigo,  whereas  other  colours  difagree. 

When  a  man,  in  the  dark,  preffes  either  corner  of  his  eye  with 
his  finger,  and  turns  his  eye  away  from  his  finger,  he  will  fee 
a  circle  of  colours,  like  thofe  in  the  feather  of  a  peacock’s  tail. 
If  the  eye  and  the  finger  remain  quiet,  thefe  colours  vaniffi  in  a 
fecond  of  time ;  but  if  the  finger  be  moved  with  a  quavering 
motion,  they  appear  again.  Do  not  thefe  colours  arife  from 
fuch  motions  excited  in  the  bottom  of  the  eye  by  the  preffure 
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and  motion  of  the  finger,  as  at  other  times  are  excited  there  by 
light  ?  When  a  coal  of  fire,  moved  nimbly  in  the  circumference 
of  a  circle,  gives  the  appearance  of  an  intire  circle  of  fire,  is  it 
not  becaufe  the  motions  excited  in  the  bottom  of  the  eye  are  of 
a  lafting  nature,  and  continue  till  the  coal  of  fire,  in  going  round, 
returns  to  its  former  place ;  and  muff  not  this  motion,  in  order 
to  have  this  continuance,  be  of  a  vibratory  nature  ? 

It  is  poflible  that  the  magnifying  power  of  telefcopes  has  been 
carried  as  far  as  the  Rate  of  the  atmolphere  will  admit  of  their 
being  ufeful ;  but  there  is  ftill  room  to  make  them  more  comr 
modious,and  likewife  cheaper,  efpecially  thofe  of  Mr.  Dollond’s 
conftru&ion.  Perhaps,  too,  it  may  be  pofiible  to  grind  the  mir¬ 
rors  of  refle&ing  telefcopes  to  figures  which,  with  the  fame 
aperture  of  the  inftrument,  will  admit  of  a  greater  magnifying 
power. 

We  feem  to  have  every  thing  we  can  wifh  with  refpe£t  to  mi- 
crofcopes ,  for  the  purpofe  of  viewing  tranfparent  objects ;  but  it 
may  be  poflible  to  render  the  view  of  opaque  obje£ts  both  more 

commodious,  and  more  perfe£t. 

Befides  this  general  view  of  the  principal  defiderata  in  the 
feience  of  vifion,  light,  and  colours,  the  reader  will  find  hints- 
of  others,  interfperfed  in  feveral  parts  of  the  preceding  hiftory. , 
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SO  M E  of  the  following  articles  were  furnifhed  by  books 
which  I  was  not  poffeffed  of  when  the  pages  to  which  they 
refer  were  printed  off ;  others  are  fuch  as  I  had  either  overlook¬ 
ed,  or  as  I  had  been  undetermined  about  inferting .}  but  the  moil 
valuable  materials  are  the  communications  of  my  friends,  who 
had  feen  fome  of  the  printed  iheets,  and  efpecially  thofe  of 
Mr.  Michell. 


§  1.  A  cafe  of  IndidlinSl  Vtfion . 


T^HERE  is  a  remarkable  indiftin£tnefs  of  vifion,  when  the 
pencils,  by  which  the  image  of  an  obje6l  is  formed,  are 
very  fmall.  This  is  probably  owing  to  fome  unknown  peculiarity 
in  the  ffruclureof  the  eye,  as  the  effe£l  is  the  very  reverfe  of  what 
might  naturally  be  expelled  in  the  cafe.  The  fa5iy  however,  I 
am  informed,  is  well  known,  but  not  having  met  with  any 
account  of  it,  in  the  books  that  have  gone  through  my  hands,  I 
defired  my  friend  Mr.  Michell,  who  mentioned  it  to  me,  to  give 
me  the  beftdefcription  of  it  that  he  could  recolle£l ;  or,  if  he  had 
an  opportunity,  to  take  the  trouble  of  making  fuch  experiments, 
as  might  enable  me  to  give  a  pretty  fatisfa&ory  account  of  it. 

From 
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From  him  I  learn  that  the  beft  way  of  making  the  experiment, 
feems  to  be  by  diminilhing  the  aperture  of  a  telefcope ;  fince  by 
this  means  the  pencil  may  be  made  exceedingly  fmall,  without 
danger  of  coming  within  the  reach  of  any  errors,  from  the  mu¬ 
tual  attradtion  between  the  Tides  of  the  hole  employed  in  contract¬ 
ing  the  pencil,  and  the  rays  of  light.  By  fuch  experiments  as  it 
was  then  in  his  power  to  make  (ufing  for  objects  a  card  pierced 
with  circular  and  triangular  holes,  placed  near  the  flame  of  a  can¬ 
dle,  betwixt  the  candle  and  his  eye,  in  fuch  a  manner,  vthat  the 
flame  apparently  filled  the  holes)  he  found  that,  when  the  pencil 
was  only  the  hundredth  part  of  an  inch  in  diameter,  the  image 
was  pretty  fenfibly  indiftindt;  but  when  it  was  only  a  thoufandth 
part  of  an  inch  in  diameter,  it  became  To  indiftindt,  that  he 
could  not  certainly  diftinguifli  a  fmall  triangular  hole  from  a  cir¬ 
cular  one.  With' a  pencil  of  the  two  thoufandth  part  of  an  inch 
in  diameter,  without  the  card,  he  could  ftill  barely  diftinguifli 
fome  faint  traces  of  the  form  of  the  whole  flame  of  the  candle, 
being  a  large  objedt. 

Looking  at  the  fun  (which  makes  a  much  better  objedt  for 
this  purpofe  than  a  candle,  on  account  of  its  much  greater 
brightnefs)  with  a  pencil  of  about  the  two  thoufandth  part  of  an 
inch  in  diameter,  it  appeared  about  as  indiftindt  as  the  image  of 
the  candle  in  the  fame  circumflances.  He  could,  indeed,  j lift 
diftinguifli  whereabouts  the  image  of  the  fun  was ;  but  it  was  ex¬ 
ceedingly  indiftindt,  and  ill  defined,  even  more  fo  than  he  could 
well  deferibe  ;  and  yet  the  brightnefs  of  the  fun  was  ftill  greater 
than  that  of  the  moon  fecn  by  the  naked  eye,  in  the  proportion 
of  nearly  two  to  one ,  (fuppofing  the  pupil  of  the  eye  looking  at 
the  moon  to  be  the  eighth  of  an  inch  in  diameter)  and  at  leaft 
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an  hundred  times  greater  than  when  feen  through  an  heliofcope, 
where,  yet,  there  is  feen  an  image  of  the  fun  very  beautifully  and 
perfectly  well  defined. 

lie  alfo  tried  the  experiment  with  a  triangular  pencil,  which 
contained  about  double  the  area  of  the  former,  which  was  cir¬ 
cular.  With  this  the  fun  appeared  very  little,  if  at  all  better, 
though  a  good  deal  brighter;  but  he  did  not  perceive  any  thing 
of  the  radiation  of  the  points  of  the  hole  which  he  faw  before  j 
but  the  angles  were  rather  blunt. 

Though  this  indiftindtnefs,  arifing  from  the  fmallnefs  of  the 
pencil,  did  not  begin  to  be  vifible  in  thefe  experiments,  till  the 
pencil  was  reduced  to  about  the  one  hundredth  part  of  an  inch, 
Mr.  Michell  ftrongly  fufpedts  that  it  begins  to  take  place  when 
the  pencil  is  much  lefs  than  the  thirtieth  of  an  inch.  For  he 
thinks  there  is  very  little,  if  any  thing,  gained  by  increafing  the 
magnifying  power  of  telefcopes,  though  there  may  ftill  be  light 
fufficient,  when,  in  order  to  do  this,  the  pencil  is  farther  dimi- 
nifhed  than  what  has  been  juft  mentioned,  but  the  telefcope  he 
ufed  was  not  a  very  diftindt  one,  with  its  whole  pencil. 


§  2 .  Of  the  force  by  which  light  is  emitted from  luminous  bodies ,  and 
of  that  which ,  being  lodged  at  the  fnrfaces  of  bodies ,  is  the  caufe 
of  what  is  generally  called  their  impenetrability. 


THE  following  computations  on  thefe  very  curious  fubjedts 
were  communicated  to  me  by  Mr.  Michell,  and  they 
add  confiderably  to  the  probability  of  his  and  M.  Bofcovich’s 
hypothefis,  concerning  the  penetrability  of  matter. 

The  femidiameter  of  the  fun,  feen  from  the  earth  at  their 
mean  diftance,  fubtending  an  angle  of  16',  3",  will  be  contain¬ 
ed 
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ed  in  that  diftance  214,19  times ;  and  therefore,  fince  the  fquares 
of  the  periodic  times,  in  which  bodies  would  revolve  about  a 
central  body,  are  proportional  to  the  cubes  of  their  refpe&ive 
diftances,  it  will  be  found,  by  computation,  that  a  body  would 
make  one  revolution  about  the  fun,  at  the  diftance  of  a  femidia- 
meter  from  his  centre,  (that  is,  at  his  furface)  in  2  h, 47^,47 " 
or  10067".  Let  us  now  fuppofe  the  diameter  of  the  fun  to  be 
equal  to  no  diameters  of  the  earth,  and  the  diameter  of  the 
earth  to  be  equal  to  7.91 5  ftatute  miles  or  41.791.200  feet :  then 
will  the  diameter  of  the  fun  be  equal  to  4.597.032.000  feet, 
and  his  circumference  to  about  14.441 .91 5.000  feet,  and  the 
fpace  a  body,  revolving  in  a  circle  at  his  furface,  wTould  move 
through  in  one  fecond  of  time,  to  1.434.580  feet.  And,  as 
this  is  a  mean  proportional  between  his  diameter  and  the  fpace, 
through  which  a  body  would  fall  in  one  fecond  of  time,  by  a 
force  of  gravity  equal  to  that,  by  which  the  revolving  body  is 
retained  in  it’s  orbit,  that  fpace  will  be  found  to  be  448  feet 
nearly.  This  divided  by  the  fpace  a  body  falls  through  at  the  fur¬ 
face  of  the  earth,  in  the  fame  time,  viz.  about  16  feet  1  inch, 
gives  the  proportion  of  the  force  of  gravity  at  the  furface  of  the 
fun,  to  that  at  the  furface  of  the  earth  ;  which  proportion  is 
therefore  very  nearly  28  to  1.  N.  B.  This  proportion  differs  a 
little  from  that  given  by  Sir  Ifaac  Newton  in  his  Principia,  both 
becaufe  the  apparent  diameter  of  the  fun  has,  fince  his  time, 
by  better  inftruments,  been  found  fomewhat  lefs  than  he  made 
it,  and  it’s  diftance  confiderably  greater. 

Suppofing  then  the  force  of  gravity  at  the  furface  of  the  fun  to 
exceed  that  at  the  furface  of  the  earth  in  the  proportion  of  28  to 
1,  he  endeavoured  to  make  fome  kind  of  comparifon  be- 
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tween  this  force,  and  that,  by  which  light  is  emitted,  reflected, 

refracted,  &c. 

Now  in  order  to  find  the  velocity,  which  will  be  produced  by 
a  force  acfting  through  any  given  diftance,  according  to  any  law 
whatfoever :  If  we  fuppofe  the  given  diftance  to  be  reprefented 
by  a  right  line,  and  to  this  line  be  erected  every  where  perpen¬ 
diculars  proportional  to  the  centripetal  force  at  each  place  of  the 
line  refpedively,  the  velocity  ultimately  produced  will  be  as  the 
fquare  root  of  the  area  defcribed  by  thefe  lines ;  and  hence,  e 
converfo ,  any  ultimately  acquired  velocity  will  require  a  force  to 
produce  it,  that  would  be  reprefented  by  an  area  proportional  to 
the  fquare  of  that  velocity.  See  Newton’s  Pr.  B.  1.  Prop.  39. 
By  the  help  of  this  Prop,  we  ftiall  find,  that  the  velocity  acquir¬ 
ed  by  a  body  falling  from  an  infinite  height  towards  a  centre,  by 
a  law  of  gravity  decreafing  inverfely  as  the  fquares  of  the  dis¬ 
tances  from  that  centre,  will,  at  any  given  diftance  from  thence, 
be  the  fame,  which  it  would  have  acquired  by  falling  through 
the  remaining  diftance  to  the  centre,  with  an  uniform  force  of 
gravity  equal  to  that,  which  obtained  at  the  faid  given  diftance. 

The  velocity  therefore,  which  a  body  would  acquire,  by  fal¬ 
ling  from  an  infinite  height  to  the  furface  of  the  fun,  would  be 
the  fame  as  that,  which  it  would  acquire  by  falling  from  his  fur- 
face  to  his  centre,  by  an  uniform  force  of  gravity  equal  to  that 
at  his  furface,  that  is,  28  times  the  force  of  gravity  at  the  fur- 
face  of  the  earth  :  But  this  velocity  according  to  what  has  been 
faid  above,  will  be  to  the  velocity  acquired  by  falling  16  feet  at 
the  furface  of  the  earth  (that  is  about  32  feet  per  fecond)  as  the 
fquare  root  of  28  (the  force  of  gravity  at  the  furface  of  the  fun) 
multiplied  into  2.298.516.000  (the  number  of  feet  in  his  femi- 
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diameter)  to  the  fquare  root  of  1  (the  force  of  gravity  at  the  fur- 
face  of  the  earth)  multiplied  into  16  ;  that  is  as  253,690  to  4, 
or  as  63.422,  5  to  1,  which  multiplied  into  32  gives  2.029.520 
the  number  of  feet  per  fecond  nearly,  for  the  velocity  fought. 
This  is  the  velocity,  that  a  comet  revolving  in  a  parabolic  orbit 
would  have  at  the  furface  of  the  fun,  and  is  to  the  velocity  of  a 
body  revolving  in  a  circle  at  the  fame  place,  a$  the  fquare  root  of 
2  to  1. 

The  velocity  of  light  is  greater  than  this,  in  the  proportion  of 
about  497  to  1,  as  will  appear  from  multiplying  the  femidiame- 
ter  of  the  fun  above  given  by  214,19  for  the  dihance  from  thence 
to  the  earth,  and  dividing  it  by  488  the  number  of  feconds,  that 
light  takes  up  in  travelling  through  that  fpace,  which  therefore 
will  give  the  diftance  travelled  through  by  it  in  one  fecond  of 
time,  equal  to  1 .008.850.700  feet,  or  about  191.000  ftatute 
miles.  Since  then,  as  was  faid  above,  the  areas  representing  the 
forces,  that  would  produce  thefe  velocities,  are  as  their  Squares, 
the  area  reprefenting  the  force,  which  produces  the  velocity  of 
light,  muft  be  greater  than  the  area  reprefenting  the  force,  which 
would  produce  a  velocity  equal  to  that  acquired  by  falling  from 
an  infinite  height  to  the  furface  of  the  fun,  in  the  proportion  of 
the  Square  of  497  or  247.009  to  1. 

From  the  vaft  disproportion  between  thefe  forces  it  appears 
what  an  extremely  little  diminution  the  velocity  of  light  can  Suf¬ 
fer  by  the  attraction  of  the  fun  ;  the  velocity  at  it’s  firfl  iffuing 
from  thence,  being  to  the  velocity  diminifhed  as  much  as  it  pof- 
fibly  can  be  by  this  caufe,  in  the  proportion  of  the  fquare  root 
of  247.009  to  the  fquare  root  of  247.008  ;  fo  that  the  diminu¬ 
tion  of  the  velocity,  on  this  account,  cannot  amount  to  more 
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than  one  492.032c!  part  of  the  whole;  and  of  this  diminution, 
there  will  remain  only  one  45.878th  [214,19*  ]  part  to  take 
place,  after  the  fun’s  light  has  arrived  at  the  diflance  of  the 
earth. 

In  order  to  compute  what  proportion  the  force,  by  which  the 
particles  of  light  are  propelled,  bears  to  the  force  of  gravity, 
we  ought  to  know  through  what  distance  this  force  adls.  That 
this  diflance  is  extremely  fmall  is  very  manifefl :  for  computa¬ 
tion  fake  he  affumed  it  equal  to  the  hundredth  part  of  an  inch, 
though  he  apprehends  that  this  is  far  larger  than  it  is  in  reality  ; 
but  it  is  no  eafy  matter  to  determine  the  true  quantity  of  it; 
and  he  was  therefore  willing  to  fet  it  fufliciently  without  what 
he  thought  could  poffibly  be  it’s  utmoft  limits.  Now  fuppofing 
this  to  be  the  cafe,  and  that  it  a£ts  with  an  uniform  force  through¬ 
out  this  diflance  ;  then  will  this  force  be  to  the  common  force 
of  gravity  at  the  .furface  of  the  earth,  as  the  femidiameter  of 
the  fun  [2.298.516.000  feet]  to  the  -rs^th  of  an  inch  ;  as 
247.009  to  1  ;  and  as  28  to  1  conjointly,  that  is  very  nearly  as 
19.000.000.000.000.000.000  to  1. 

In  as  much  greater  or  fmaller  diflance  than  that  of  the  hun¬ 
dredth  part  of  an  inch,  the  force  producing  the  velocity  of  the 
particles  of  light  is  exerted,  fo  much  lefs  or  greater  propor¬ 
tion  muft  this  force  bear  to  that  of  gravity  at  the  furface  of  the 
earth.  And  whatever  force  this  velocity  requires  to  produce  it, 
the  fame  muft  it  require  to  flop  it.  But  the  force,  by  which  the 
rays  of  light  are  refracted  in  palling  out  of  a  rarer  medium  into  a 
denfer,  or  at  leaft  that  force,  by  which  they  are  reflected  from 
the  back  furface  of  a  denfer  medium  contiguous  to  a  rarer,  muft 
neceffarily,  he  thought,  be  flill  greater  ;  and  it  can  hardly  be  fup- 
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pofed,  that,  in  the  latter  cafe  at  leaft,  the  whole  of  this  force  is 
not  exerted  within  as  narrow  a  compafs,  as  the  70  or  80.000th 
part  of  an  inch  ;  but  it  would  be  going  much  too  far  to  enter 
into  a  more  minute  inquiry  relative  to  this  intricate  and  difficult 
fubjedt  at  prefent. 

Upon  this  moft  aftonifhing  force,  by  which  light  is  thrown  off 
off  from  bodies,  or  what  is  equivalent  to  it,  the  reliffance  it  meets 
with  at  their  furfaces,  whilft  it  is  endeavouring  to  enter  them,  he 
makes  an  obfervation,  which  at  the  fame  time,  that  it  ferves  to 
fhew  how  the  eftedt  of  a  force  not  improbably  the  fame  with 
this,  may  very  well  have  been  miftaken  for  abfolute  impenetra¬ 
bility,  will  alfo  ferve  to  convey  to  the  imagination  fome  idea 
of  the  vaftnefs  of  it,  which  a  long  row  of  figures,  or  the  words 
nineteen  trillion  times  the  force  of  common  gravity  can  only  do 
in  a  very  confufed  and  inadequate  manner.  A  globe  therefore 
of  59.438  feet,  or  fomething  more  than  eleven  ftatute  miles  and 
a  quarter  in  diameter,  compofed  of  any  uniform  materials,  and 
refting  with  its  whole  weight  upon  a  furface  of  only  one  fquare 
inch,  would  but  juft  be  able  to  overcome  a  refiftance  equal  to 
that  above  mentioned ;  for  nineteen  trillion  times  the  hundredth 
part  of  a  cubic  inch  of  matter  (which  is  all  that  could  come  at 
one  time  within  the  fphere  of  adtion  of  a  force  extending  only 
to  the  hundredth  part  of  an  inch)  would  form  a  globe  of  that 
fize.  And  the  fize  of  this  globe  will  be  the  fame,  whatever  be 
the  law  of  this  force,  and  to  whatever  diftance  it  be  fuppofed  to 
extend,  fince  the  lefs  diftance  it  extends  to,  the  greater  it  muft 
be,  and  in  the  fame  proportion,  and  vice  verfa. 
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§  3.  Qbfervatms  relating  to  the  feat  of  Villon. 

THE  dimenfions  and  precife  form  of  the  fpot  in  the  eye  in 
which  there  is  no  vifion  (fee  p.  192)  were  more  accurately 
calculated  by  Daniel  Bernoulli,  in  the  following  manner.  He 
placed  a  piece  of  money  O,  fig.  60*,  upon  the  floor,  and  then  (hut¬ 
ting  one  of  his  eyes,  and  making  a  pendulum  to  fwing,  fo  that 
the  extremity  of  it  might  he  nearly  in  the  line  AO,  he  obferved 
at  what  place  C,  it  began  to  be  invifible,  and  where  it  again 
emerged  into  view,  at  A.  Raifing  the  pendulum  higher  and 
lower,  he  found  other  points,  as  H,N,P,G,B,  at  which  it  be¬ 
gan  to  be  invifible,  and  others,  as  M,L,E,A,  at  which  it  began 
to  be  vifible  again;  and,  drawing  a  curve  through  them,  he 
found  that  it  was  elliptical,  and,  with  refpedl  to  his  own  eye, 
the  dimenfions  of  it  were  as  follows,  OC  was  23,  AC  10,  BD 
3,  DH  13,  and  EG  14;  fo  that,  the  center  being  at  F,  the 
greater  axis  was  to  the  lefs  as  8  to  7.* 

From  thefe  data  the  plane  on  which  the  figure  was  drawn  be¬ 
ing  obliquely  fituated  with  refpeft  to  the  eye,  he  found  that  the 
place  in  the  eye  that  correfponded  to  it  was  a  circle,  the  diame¬ 
ter  of  which  was  a  feventh  part  of  the  diameter  of  the  eye,  the 
center  of  it  being  27  parts  of  the  diameter  from  the  point  op- 
pofite  to  the  pupil,  a  little  above  the  middle.  He  concludes 
with  obferving  that,  in  order  that  this  fpace,  in  which  there  is 
no  vifion,  may  be  as  fmall  as  pofiible,  it  was  necefiary  that  the 
nerve  fhould  enter  the  eye  perpendicularly,  and  that  both  this 


*  Com.  Petrop.  Vol.  1.  p.  315. 
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end,  and  alfo  its  entering  the  eye  at  a  diflance  from  its  axis, 
are  gained  by  the  particular  manner  in  which  the  two  optic 
nerves  unite  and  become  feparate  again,  by  eroding  one 
another. 

In  favour  of  one  of  the  obfervations  of  Mr.  Michell,  concern¬ 
ing  the  ufe  of  the  choroides  in  vifion,  I  would  obferve  that 
Aquapendonte  mentions  the  cafe  of  a  perfon  at  Pifa,  who  could 
fee  very  well  in  the  night,  but  very  little,  or  none  at  all,  in  the 
day  time.*  This  is  alfo  faid  to  be  the  cafe  with  thofe  white 
people  among  the  blacks  of  Africa,  and  the  inhabitants  of  the 
Ifthmus  of  America,  who,  from  this  circumftance,  are  called 
moon  eyed.  I  have  met  with  no  account  of  the  difie&ion  of  the 
eyes  of  any  of  thefe  people,  but  diould  think  it  probable  that 
their  choroides  will  be  found  not  to  be  of  a  dark  colour,  as  it  is 
in  others  of  the  human  fpecies,  but  white,  or  light  coloured,  as 
in  thofe  animals  which  have  mod;  occadon  for  their  eyes  in  the 
night. 

Since  the  fe<5tion  concerning  the  proper  feat  of  vidon  was 
printed  off,  feveral  confiderations  in  favour  of  the  retina  have 
occurred  to  me,  in  reading  upon  the  fubjeft,  and  others  have 
been  pointed  out  to  me  by  Mr.  Hey,  an  ingenious  furgeon  and 
anatomifl  in  Leeds. 

Dr.  Porterfield  obferves,  that  the  reafon  why  there  is  no  vifion 
at  the  entrance  of  the  optic  nerve  into  the  eye,  may  be  that  it 
noants  that  foftnefs  and  delicacy ,  which  it  has,  when  it  is  expanded 
upon  the  choroides ;  and  that,  in  thofe  animals  in  which  that 
nerve  is  inferted  in  the  axis  of  the  eye,  it  is  obferved  to  be 
equally  delicate,  and  therefore  probably  equally  fenfible,  in  that 

*  De  Vifione,  p.  46. 
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place  as  in  any  other  part  of  the  retina.  *  lam  informed  that, 
in  general,  the  nerves,  when  conftringed  by  their  coats,'  have  but 
little  fenfibility,  in  comparifon  of  what  they  are  endued  with 
when  they  are  diverted  of  them,  and  unfolded,  in  a  foft  and  pul¬ 
py  fubrtance. 

Haller  obferves  that  the  choroides  cannot  be  the  univerfal 
inftrument  of  vifion,  becaufe  that  fometimes  in  men  and  birds, 
but  efpecially  in  fifties,  it  is  covered  internally  with  a  black  mu - 
cus9  through  which  the  rays  cannot  penetrate. -f-  This  writer 
fpeaks  of  a  fibrous  membrane  in  the  retina  diftinCt  from  its  pulpy 
fiubfiance .  On  thefe  fibres,  he  conjectures,  that  the  images  of 
objects  are  painted. 

M.  De  la  Hire’s  argument  in  favour  of  the  retina,  from  the 
analogy  of' the  fenfes,  is  much  rtrengthened  by  confidering  that 
the  retina  is  a  large  nervous  apparatus,  immediately  expofed  to 
the  imprefiion  of  light ;  whereas  the  choroides  receives  but  a 
rtender  fupply  of  nerves,  in  common  with  the  fclerotica,  the 
conjunctiva,  and  the  eyelids,  and  that  its  nerves  are  much  lefs 
expofed  to  the  light  than  the  naked  fibres  of  the  optic  nerve. 
Indeed,  from  anatomical  confiderations,  one  might  imagine 
that  any  other  part  of  the  body  was  as  fenfible  of  the  imprefiion 
of  light,  as  the  choroides. 

That  the  optic  nerve  is  of  principal  ufe  in  vifion  is  farther 
probable  from  feveral  phenomena  attending  fome  of  the  difeafes 
in  which  the  fight  is  arteCled.  When  an  amaurofis  has  arteCled 
one  eye  only,  the  optic  nerve  of  that  eye  has  been  found  mani- 
feftly  altered  from  its  lound  rtate.  I  myfelf  was  prefent  when 
Mr.  Hey  examined  the  brain  of  a  young  girl,  who  had  been 

*  Vol.  2,  p.  254.  f  Phyuologia,  Vol.  5,  p.  474. 
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blind  of  one  eye,  and  faw  that  the  optic  nerve  belonging  to  it 
was  confiderablv  fmaller  than  the  other  ;  and  he  informed  me 
that,  upon  cutting  into  it,  he  found  it  to  be  much  harder,  and 
cinericious.  Morgagni,  indeed,  mentions  two  cafes,  in  one  of 
which  he  found  the  optic  nerves  fmaller  than  ufual,  and  of  a  ci¬ 
nericious  colour,  when,  upon  inquiry,  he  was  informed  that  the 
perfon  had  not  been  blind,  though  there  might  have  been  fome 
defeCt  in  the  tight  of  one  of  the  eyes.  In  the  other  cafe,  only 
one  of  the  optic  nerves  was  affeCted  in  that  manner,  and  the  eye 
itfelf  was  in  other  refpedts  very  perfedf  Here,  alfo,  he  was  ex- 
preily  told  that  the  perfon  was  not  blind  of  that  eye;  but  it  ap¬ 
pears  that  he  himfelf  had  not  been  acquainted  with  the  perfons 
whom  he  differed  ;  and  there  have  been  many  cafes  of  perfons 
being  blind  of  one  eye  without  knowing  it  thernfelves  for  a  con- 
iiderable  time. 

Moreover,  as  the  optic  nerve  is  folely  fpent  in  forming  the 
retina,  fo  no  function  of  the  eye,  not  immediately  fubfervient 
to  vifion,  is  affedled  by  an  amaurofis.  On  the  contrary,  thole 
nerves  which  go  to  the  choroides  are  found  to  retain,  in  this 
difeafe,  their  natural  influence.  The  iris  will  contract  in  a  re¬ 
cent  gutta  ferena  of  one  eye,  if  the  other  remains  found,  and  is 
fuddenly  expofed  to  a  flrong  light.  The  fclerotis,  conjunctiva, 
and  eyelids,  which  receive  their  nerves  from  the  fame  branches 
as  the  choroides,  retain  their  fenflbility  in  this  diforder. 

The  manner  in  which  perfons  recover  from  an  amaurofis,  fa¬ 
vours  the  fuppofltion  of  the  feat  of  vifion  being  in  the  retina; 
flnee  thofe  parts  which  are  the  mofl:  diftant  from  the  infertion  of 
the  nerve  recover  their  fenflbility  the  foonefl,  being,  in  thofe 
places,  the  mofl:  pulpy  and  foftefl: ;  whereas  there  is  no  reafon 
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to  think  that  there  is  any  difference  in  this  refpedt  in  the  different 
parts  of  the  choroides.  Mr.  Hey  has  been  repeatedly  informed, 
by  perfons  labouring  under  an  imperfedt  amaurofis,  or  gutta  fe~ 
rena,  that  they  could  not,  when  looking  at  any  objedt  with  one 
eye,  fee  it  fo  diftindtly,  when  it  was  placed  diredtly  oppofite  to 
the  pupil,  as  when  it  was  fituated  fomewhat  obliquely.  And 
thofe  perfons  whom  he  had  known  to  recover  from  a  perfedl  a- 
maurofis  firft  difcovered  the  objedts  whofe  images  fell  upon  that 
part  of  the  retina  which  is  at  the  greatefl  diftance  from  the  op¬ 
tic  nerve. 

I  fhall  conclude  thefe  remarks  with  obferving  that,  if  the  re¬ 
tina  be  as  tranfparent,  as  it  is  generally  reprefented  to  be,  fo  that 
the  termination  of  the  pencils  muff  neceffarily  be  either  upon  the 
choroides,  or  fome  other  opaque  fubftance  interpofed  between 
it  and  the  retina,  the  adtion  and  readtion  occafioned  by  the  rays 
of  light  being  at  the  common  furface  of  this  body  and  the  re¬ 
tina,  both  thefe  mediums  (fuppofing  them  to  be  equally  fenfible 
to  the  impreflion  of  light)  may  be  equally  affedted ;  but  the  re¬ 
tina,  being  naturally  much  more  fenfible  to  this  kind  of  impref- 
fion,  may  be  the  only  inflrument  by  which  the  fenfation  is  con¬ 
veyed  to  the  brain,  though  the  choroides,  or  the  black  fubflance 
with  which  it  is  fometimes  lined,  may  alfo  be  abfolutely  necef- 
fary  for  the  purpofe  of  vifion.  Indeed,  when  the  reflexion  of 
light  is  made  at  the  common  boundary  of  any  two  mediums,  it 
is  with  no  propriety  that  this  effedt  is  afcribed  to  one  of  them 
rather  than  the  other,  and  the  ftrongeft  reflexions  are  often  made 
back  into  the  denfeft  mediums,  when  they  have  been  contiguous 
to  the  rareft,  or  even  to  a  vacuum.  This  is  not  far  from  the  hy¬ 
pothecs  of  M.  De  la  Hire,  and  will  completely  account  for  the 
intire  defedt  of  vifion  at  the  infertion  of  the  optic  nerve. 

§  4.  Obfervations 
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§  4.  Obfervations  relating  to  Optical  Infiruments . 


IT  was  a  glafs,  or  rather  a  precious  done,  that  Socrates  called 
for,  to  melt  the  wax.  See  the  Nubes  of  Ariftophanes. 
His  fcoliafl  fays  it  was  a  thick  and  round  glafs,  Pliny,  Lib. 
36,  37,  fpeaks  of  globes  of  glafs  and  of  cryftal,  which  being  ex- 
pofed  to  the  fun,  would  burn  cloth,  or  the  flefh  of  difeafed  per- 
fons,  which  they  wanted  to  cauterize ;  and  LaCtantius,  in  his 
treatife  De  ira  Dei  fays,  that  globes  of  glafs,  filled  even  with 
cold  water,  would  kindle  fire,  if  they  were  held  in  the  fun. 
Confidering  that  the  antients  were  in  pofiefiion  of  thefe  faCts, 
it  is  furprifing  that  they  made  no  more  ufe  of  them ;  but 
M.  De  la  Hire  conje&ures  that  their  exceedingly  lame  theories 
of  light  and  vifion  were  the  caufe  of  it ;  as  they  could  fee  no 
fort  of  connection  between  them  and  thefe  effects.  *  But  then 
it  may  be  wondered,  that  thefe  faCts  fhould  not  have  led  them 
to  call  in  queftion,  and  rejedl  an  hypothefis,  upon  which  they 
were  altogether  unexplicable. 

Dr.  Hooke  makes  fome  remarks  on  the  difiertation  of  M.  De 

la  Hire,  and  concludes  that,  upon  the  whole,  he  is  of  opinion 

that  the  antients  were  wholly  ignorant  of  burning  glafies,  except 

fpheres;  and  that  lenfes  were  by  no  means  known  to  them.-f* 

Mr.  Diggs  is  faid  to  have  hit  upon  the  conftru&ion  of  a  te- 

lefcope,  as,  Dr.  Hooke  fays,  is  teftified  by  his  fon ;  who  printed 

fome  of  his  father’s  works  after  his  death ;  but,  as  Dr.  Hooke 

* 

fays,  that  B.  Porta  made  the  fame  difcovery,  it  is  very  probable 
that  there  is  fome  mifiakc  in  the  cafe ;  and  that  what  Mr.  Diggs 
did  make  was  not  properly  a  telefcope.  § 


*  Ac.  Par.  1708,  p.  140.  f  Hooke’s  Experiments,  by  Derham,  p.  34S. 
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J.  G.  Leutman  has  defcribed  an  ingenious  method,  by 
which  one  image  is  made  to  appear  metamorphofed  into  ano¬ 
ther,  by  looking  at  it  through  a  tube,  furnifhed  with  different 
reflecting  planes ;  but  for  the  particulars,  I  mufl  refer  my  reader 
to  the  memoirs  of  the  Imperial  Academy  at  Peterlburgh,  Vol.  4, 
p.  202,  or  to  the  account  which  the  author  there  refers  to,  as 
published  by  him,  in  high  Dutch,  and  printed  at  Wittemburgh, 
in  1719. 

I  am  apprized  by  Mr.  Michell,  that  the  objection  to  Caffe- 
grain’s  telefcope,  mentioned  p.  347,  is  not  the  true  one;  flnce 
this  form  admits  as  much  light,  in  proportion  to  its  magnifying 
power,  with  the  fame  aperture,  as  the  Gregorian.  From  what 
he  has  heard  Mr.  Short  fay  upon  the  fubjeCt,  he  judges  that  his 
principal  objection  to  Caffegrain’s  confliruCtion  was  its  reprefent- 
ing  hills  (in  the  moon,  for  inftance)  as  hollows,  and  vice  verfa. 
He  did  not,  indeed,  think  them,  in  other  refpe&s,  quite  fo  dif- 
tindt ;  but  Mr.  Michell  fuppofes  that  the  reafon  was  a  want  of 
equal  perfection  in  the  conftruction  of  them  ;  for  it  is  almoft  im- 
poffible,  in  the  common  way  of  working,  to  make  them  as  per¬ 
fect  as  thofe  of  the  Gregorian  form  ;  nor  can  it,  perhaps,  be 
done  at  all,  but  certainly,  not  without  a  great  deal  of  manage¬ 
ment  and  addrefs. 

In  the  Gregorian  form,  he  fays,  the  great  fpeculum  ought  to 
be  exactly  parabolic,  and  the  little  fpeculum  elliptic,  having  one 
of  its  foci  in  the  focus  of  the  great  fpeculum,  and  the  other  in 
the  place  to  which  the  rays,  after  being  reflected  from  it,  would 
again  be  collected  to  their  fecond  focus,  if  not  intercepted  by  the 
firft  eye  glafs.  In  the  Caffegrain  form,  the  great  fpeculum 
ought,  as  before,  to  be  exadly  parabolic,  and  the  little  fpecu¬ 
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lum  hyperbolic  ;  having  its  two  conjugate  foci  in  the  fame  places 
with  the  foci  of  the  former  elliptical  one ;  the  elliptic  little  fpe- 
culum,  in  the  Gregorian  and  the  hyperbolic  one  in  the  Calfe- 
grain  telefcope,  differing  exceedingly  little  from  a  parabolic  fi¬ 
gure,  which  would  lie  in  the  middle  way  between  them. 

If,  in  either  telefcope,  either  of  the  fpeculums  fhould  vary  a 
little  from  thefe  forms,  the  errors  arifing  from  fuch  a  variation 
may  be  corrected  by  a  proper  alteration  in  the  form  of  the  other 
fpeculum,  which  will  be  effected  by  altering  it  the  contrary  way 
in  the  Gregorian  form,  and  the  fame  way  in  the  Caffegrain  ;  and 
this  alteration,  if  it  is  to  be  made  in  the  little  fpeculum,  in  or¬ 
der  to  correct  the  errors  of  the  greater  one,  muff  be  as  much 
greater  than  it  mufl  have  been  if  it  had  been  made  in  the  greater 
one,  to  correct  a  like  error  in  the  lefs,  as  the  focal  diltance  of 
the  greater  fpeculum  is  greater  than  that  of  the  lefs.  Now,  in 
grinding  all  forts  of  fpeculums,  lenfes,  &c.  it  unavoidably  hap¬ 
pens,  from  the  nature  of  the  materials,  and  the  common  man¬ 
ner  of  working  them,  that  all  hollow  furfaces  vary  from  the 
fpherical  towards  a  parabolic  form,  or  may  even  go  beyond  it, 
as  Mr.  Michell  knew  from  experience  ;  and  all  convex  furfaces 
vary  from  the  fpherical  form  towards  that  of  a  portion  of  an  ob¬ 
late  fpheroid,  next  to  one  of  its  poles.  Thefe  efreds,  he  thinks, 
he  can  venture  to  fay,  take  place  in  a  greater  or  lei's  degree,  with¬ 
out  any  exception,  the  edges  of  the  fpeculums,  lenfes,  &c. 
wearing  away  a  little  falter  than  their  middles. 

Hence,  the  variations  from  the  fpherical  form,  which  necef- 
farilyarife  from  the  manner  of  working  them,  in  both  the  fpe- 
cuiums  of  the  Gregorian  telefcope,  lie  the  right  way  to  corred 
the  errors  of  thefe  fpeculums,  fuch  as  they  are  ufually  fuppofed 
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to  be  in  theory  ;  and  if  they  go  far  enough,  and  not  too  far,  will, 
perhaps,  perfectly  correCt  them.  But  in  the  Caflegrain  form, 
in  the  little  fpeculum  they  lie  the  wrong  way,  and  tend  to  in- 
creafe  inftead  of  diminifhing  or  correcting  them.  For,  where- 
as  the  little  fpeculum  ought,  as  was  faid  before,  to  be  of  an  hy¬ 
perbolic  form,  in  which  the  edges  are  of  lefs  curvature  than  the 
vertex,  and  lie  without  the  fphere  it  will,  on  the  contrary, 
from  this  caufe,  be  of  a  form  in  which  the  edges  are  of  greater 
curvature  than  the  vertex,  and  lie  within  the  fphere.  And  it 
will  be  extremely  difficult  to  correct  thofe  errors  of  the  little  fpe¬ 
culum  by  altering  the  form  of  the  great  one,  which,  in  order 
to  do  this,  muft  be  of  a  confiderably  lefs  curvature  at  the  edges 
than  a  parabola ;  and  if  it  fhould  require  to  be  reduced  as  far  as 
to  the  fpherical  form,  or  even  ftill  farther,  for  this  purpofe,  it 
will  then  be  as  impracticable  as  to  grind  the  little  fpeculum  ori¬ 
ginally  of  an  hyperbolic  form. 

On  account  of  the  tendency  of  concave  fpeculums  to  recede 
from  the  fpherical  towards  the  parabolic  or  hyperbolic  form,  it 
is,  Mr.  Michell  fays,  practically  poffible,  to  make  reflecting  te- 
lefcopes  more  diftinCt,  with  an  aperture  of  a  certain  fize  (accord¬ 
ing  to  the  particular  manner  of  grinding  and  polifhing  the  fpc- 
culums)  than  if  that  aperture  was  fmaller;  for  a  certain  degree 
of  wearing  away  at  the  edges,  which  would  only  make  the  lar¬ 
ger  aperture  parabolical,  will  make  the  fmaller  one  hyperbolical. 
This,  he  fays,  is  contrary  to  what  is  generally  fuppofed  by  thofe 
who  imagine  the  fpeculums  are  ground  into  a  fpherical  form,  in 
which  cafe  the  fmaller  their  apertures  were,  the  more  diftinCt 
they  would  be.  The  late  Mr.  Short,  he  fays,  knew  this  very 
well  from  experience,  and  availed  himfelf  of  it  accordingly. 
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§  5.  Mifcellaneous  Obfer vat  ions. 

/ 

THE  Solar Microfcope,*  (leep.  744)  has  beenintroducedinto 
the  fmall,  and portable,  as  well  as  the  large  CatneraObfcura-, 
and  if  the  image  be  received  upon  a  piece  of  half  ground  glafs, 
fhaded  from  the  light  of  the  fun,  it  will  be  fufficiently  vifible. 
The  moft  particular  defcription  that  I  have  feen  of  this  contri¬ 
vance,  is  that  of  M.  Brander,  in  a  pamphlet  intitled,  Kurtze 
Befchribungy  &c.  ernes  Sonnen  Microfcops ,  printed  at  Aufburg, 
1769.  An  account  of  it  may  alfo  be  feen  in  Martin’s  Gentle¬ 
man’s  Philofophy,  Vol.  2,  p.  249.  Who  was  the  author  of  this 
improvement  I  do  not  know. 

That  the  pupil  contrails  by  a  ftrong  light  was  no  difcovery 
of  Father  Paul  (fee  p.  40.)  It  was  that  of  Achillinus,  was 
known  to  the  Arabians,  as  Rhazes  and  Avicenna.  Galen  alfo 
mentions  it.§ 

Mr.  Robins  obferves,  that,  though  lie  has  no  doubt  of  Dr. 
Brook  Taylor  having  invented  his  excellent  method  of  perfpec- 
tive  (fee  p.  92)  yet  that  the  fame  method  was  publiihed  by 
Guido  Ubaldi,  in  his  PerfpeEtive  printed  at  Pefaro,  in  1600. 
In  this  treatife,  Mr.  Robins  fays,  that  this  method  is  delivered 
very  clearly,  and  confirmed  by  moft  excellent  demonfirations. 
In  the  lafi:  book  Ubaldi  applies  his  method  to  the  delineating  the 
fcenes  of  a  theatre,  and  in  this,  with  refpedt  to  the  practice,  he 
is  followed  by  Signor  Sabatellini,  in  his  PraSiica  difabricar  fcerie> 
of  which  there  was  a  new  edition  at  Ravenna  in  1638  ;  and  to 
this  was  added  a  fecond  book,  containing  a  defcription  of  the 

*  This  article  ought  to  have  been  inferted  in  the  lafi:  fe£tion,  but  was  overlooked. 

§  Haller’s  Phyliologia,  Vol.  5,  p.  374. 
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machines  ufed  for  producing  the  fudden  changes  in  the  decora- 

•  •  •  *■ 

tions  of  the  Eage.* 

It  was  not  James  Gregory,  as  in  p.  135,  but  David,  the  nephew 
of  James,  who  wrote  the  Elements  of  Dioptrics  and  Catoptrics. 

From  the  confideration  of  the  fucceEive  propagation  of  light, 
(fee  p.  405)M.  L.  Euler  deduces  a  new  argument  in  favour  of  the 
Copernican  fyftem.  For  he  fhews  that  though  no  fenfible  diffe¬ 
rence  is  made  in  the  obferved  places  of  the  heavenly  bodies,  in 
coufequence  of  the  diurnal  motion  of  the  earth,  a  very  confider- 
able  one  would  be  the  confequence  of  fo  very  rapid  a  motion  of 
the  fixed  Ears  as  the  Ptolemaic  hypothefis  fuppofes.  He  alfo 
very  elaborately  calculates  the  allowance  which  is  to  be  made  for 
the  obferved  places  of  the  Ears  and  planets,  on  the  fuppofition 
that  light  is  propagated  from  the  fun  to  the  earth  in  eight  mi¬ 
nutes.  Notwithftanding  M.  Euler  fuppofes  that  light  confiEs 
in  the  vibration  of  an  etherial  medium,  he  makes  his  calcula¬ 
tions  upon  the  Newtonian  hypothefis,  as  well  as  his  own,  {hew¬ 
ing  in  what  refpedts  they  would  make  his  conclufions  different  j 
but  this  difference,  he  fays,  is  too  fmall  to  determine  the 
queEion.§ 

Mr.  Mich  ell  obferves,  (fee  p.  403  )  that  if  the  diffe¬ 
rence  of  colour  depended  upon  the  different  velocities  of  the  dif¬ 
ferently  coloured  rays,  a  Ear  muE  change  its  place  on  account  of 
the  aberration  a  77th  more  for  the  deepeE  blue  rays  than  the  red 
ones,  according  to  Mr.  Melville,  and  a  45th  part  more  accord- 
ink  to  M.  de  Courtivron  ;  and  confequently  a  Ear  placed  in  the 
pole  of  the  ecliptic,  w’hofe  mean  aberration  is  about  20' 1 ,  ought 
to  appear  in  the  form  of  the  fpedtrum,  formed  by  a  prifm, 

*  Robins’s  Traits,  Vol,  j.  Appendix, p.  322;  §  Com.  Petrop.  Vol.  2,  p.  174,  193. 
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of  7 4"  or  17 ,n  in  length,  according  to  the  former  hypothecs  ;  or 
of  44”  or  27" 1  nearly  according  to  the  latter.  This  is  a  quan¬ 
tity  which  would  be  fufliciently  vifible  in  telefcopes  of  pretty 
high  magnifying  powers,  but  no  fuch  appearance  has  yet  been 
obferved.  This  obfervation  Mr.  Michell  fays  is  not  his  own, 
but  he  could  not  recoiled!  where  he  met  with  it. 

M.  Bofcovich  propofes  what  appeared  to  him  a  very  great  dif¬ 
ficulty  in  accounting  for  the  appearance  of  the  fecondary  rain¬ 
bow  (fee  p.  588)  which  is  made  by  two  reflexions  of  the  rays 
of  light,  intervening  between  their  entrance  into  a  drop  of  wa¬ 
ter  and  their  exit  out  of  it.  Since  the  chord  which  the  rays  of 
light  traverfe,  before  and  after  their  reflexion,  are  equal,  he  fays 
that  the  number  of  fits  of  eafy  reflexion  and  tranfmiffion,  in 
thefe  equal  fpaces,  will  be  exadl'y  equal ;  and  fince  it  appears, 
from  fad,  that  they  mufl  have  been  in  a  fit  of  tranfmiflion  at 
their  entrance  into  the  drop,  and  in  a  fit  of  reflexion  when  they 
had  traverfed  the  firf!  chord,  they  ought,  confequently,  to  be  in 
a  fit  of  tranfmiflion  at  the  end  of  the  fecond  chord,  in  which 
cafe,  being  all  tranfmitted  in  that  place,  none  at  all  would  be  re- 
fleded  to  form  the  fecondary  rainbow.  The  folution  which  M. 
Bofcovich  propofes  is,  that,  by  the  agitation  of  the  air,  a  fmall 
alteration  is  made  in  the  form  of  the  drop,  making  the  fpaces 
before  and  after  reflexion  a  little  different,  but  fo  little,  as  not  to 
make  any  fenfible  change  in  the  diameter  of  the  bow.*  But 
this  reafoning  goes  upon  the  fuppofition  that  all  the  rays  of  light, 
are  not  promifcuoufly  receded  or  refraded  at  the  furfaces  of  all 
mediums,  when  the  interval  between  any  two  of  them  is  confi- 
derable 3  whereas  nothing  is  more  evident  than  that,  in  fad, 

•  Eenvenuti  De  Lumine,  p.  135. 
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they  are  fo ;  it  being  only  where  the  interval  between  two  me¬ 
diums  is  extremely  fmall,  that,  at  lead:,  a  fenfible  reparation  of 
the  different  colours  is  made,  thofe  of  one  kind,  chiefly,  being 
reflected,  and  thofe  of  another  tranfmitted . 

M.  Bofcovich  and  M.  Benvenuti  have,  endeavoured  to  explain 
the  colours  of  both  thin  and  thick  plates  (fee  p.  498)  in  feveral 
very  elaborate  difquifitions,  which  were  publifhed  in  the  name  of 
the  latter  of  thefe  gentlemen.  But  as  they  take  no  notice  of 
any  fadts  befides  thofe  which  were  obferved  by  Sir  Ifaac  New¬ 
ton,  and  fome  of  the  obfervations  which  have  been  made  fince 
his  time,  fhew  that  he  had  no  knowledge  of  fome  important 
circumftances  relating  to  thefe  appearances,  I  fhall  not  trouble 
my  reader  with  any  of  their  intricate  computations  on  the  fub- 
jedt.  Concerning  M.  Bofcovich’s  general  theory  of  light,  and 
the  caufe  of  its  eafy  reflexion  and  tranfmiflion,  I  imagine  that  I 
have  already  given  fufflcient  fatisfadtion  ;  and  his  reafoning  con¬ 
cerning  the  rainbow  fliews  that  he  was  miftaken  with  refpedt  to 
one  of  the  mofl  important  particulars  relating  to  thefe  appear¬ 
ances. 

Mr.  Hey  informs  me,  that  a  patient  of  his,  who  had  recover¬ 
ed  from  a  perfedt  amaurofis,  told  him  that  the  firfl:  time  fhe  dis¬ 
covered  the  fire,  it  feemed  to  look  blue*,  but  hehadno  opportunity 
of  knowing  whether  this  be  an  ufual  phenomenon  or  not.  This 
obfervation,  however,  agrees  with  thofe  of  M.  De  la  Hire  and 
others  (fee  p.  634)  that  the  laft  and  weakefl:  impreflion  made  by 
the  images  of  objedts  intenfely  luminous  is  blue. 

Much  has  been  faid  on  the  fubjedt  of  that  experiment  of  Sir 
Ifaac  Newton’s,  which  Mr.  Dollond  found  not  to  anfwer,  and  it  is 
thought  very  extraordinary,  that  a  man  of  Sir  Ifaac’s  accurate  at¬ 
tention 


ADDITIONS. 


8oj 

tention  ffiould  overlook  a  circumftance,  the  efFeCt  of  which  now 
appears  to  be  fo  confiderable.  But  it  has  happily  occured  to  my 
friend  Mr.  Mich'ell,  fince  the  chapter  on  that  fubjeCt  was  printed 
off,  that,  as  Sir  Ifaac  Newton  obferves  he  ufed  to  put  Sac- 
charum  Saturni  into  his  water,  to  increafe  its  refractive  power, 
the  lead ,  even  in  this  form,  might  increafe  the  diffipative  refrac¬ 
tion,  as  it  does  in  the  compofition  of  glafs  ;  and  if  fo,  that  this 
would  account  for  Newton’s  not  finding  the  diffipative  power  of 
water  lefs  than  that  of  his  glafs-prifms,  which  he,  otherwife, 
ought  to  have  done,  if  he  had  tried  the  experiment  as  he  faid 
he  did. 

Accordingly  he  included  a  prifm  of  glafs  in  water,  as  highly 
impregnated  with  Saccharum  Saturni ,  as  it  would  bear,  the  pro¬ 
portion  of  Saccharum  to  water,  being  about  as  5  to  1 1 .  When 
the  image  feen  through  the  water,  fo  impregnated,  and  a  glafs 
prifm,  was  in  it’s  natural  place,  it  fiill  was  coloured,  though  very- 
little.  He  thought  not  more  than  a  fourth  part  as  much,  as 
when  feen  through  plain  water,  and  the  prifm  in  its  natural 
place  ;  fo  that  he  had  no  doubt  but  that,  if,  his  prifm  had  had 
a  little  lefs  of  the  difperfive  power,  its  errors  would  have  been 
perfectly  corrected;  and,  as  it  difperfed  the  rays  very  much,  he 
was  fatisfied  that,  if  it  had  been  made  of  crown  glafs,  the  colour¬ 
ing  would  have  lain  the  contrary  way.  The  refraCting  angle  of 
his  prifm  was  58 9  ;  that  of  the  plain  water  (which  brought  the 
image  into  it’s  natural  place,  and  in  which  the  glafs  prifm  was 
included)  46°,  the  contrary  way  ;  and  that  of  the  water,  im¬ 
pregnated  with  the  faccharum ,  36°,  30'. 

Afterwards  he  put  two  prifms  together,  one  of  common  wa¬ 
ter,  and  the  other  of  water  impregnated  with  faccharum  fatumiy 

the. 
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the  refrafting  angles  lying  the  contrary  way  from  each  other  ; 
and  of  fuch  fizes,  as  to  fhew  the  object  in  its  true  place.  The 
refracting  angle  of  the  impregnated  water  was  90°,  and  it  was 
included  between  two  water  prifms,  each  of  which  had  a  re¬ 
fracting  angle  turned  the  contrary  wTay,  of  50°,  415',  fo  that  the 
whole  together  made  a  prilm  with  a  refraCting  angle  of  n°,  30'. 
Th  is  was  the  angle  he  had  computed  to  be  juft  fufficient  to  cor¬ 
rect  the  mean  refraction  of  the  rays,  in  the  other  prifm,  when 
included  within  it,  with  the  refraCting  angle  turned  the  contrary 
way  ;  and  it  did  fo  as  nearly  as  could  poftibly  be  expeCted,  when 
allowance  was  made  for  the  unavoidable  errors,  that  muft  hap¬ 
pen  in  the  rough  way  in  which  he  had  the  means  of  trying  it ; 
for  it  did  not  differ  from  the  truth  by  more  than  about  a  quarter 
of  a  degree.  This,  however,  he  corrected  till  he  brought  the  ob¬ 
ject  into  the  fame  place,  feen  either  by  the  naked  eye,  cr  through 
the  prifm. 

/  *■ 

Under  thefe  circumftances  the  objeCt  was  manifeftly  coloured 
by  the  faccharum  faturni  and  water;  but  not  fo  much,  as  he  ex¬ 
pected,  and  whether  enough  to  correCt  the  errors,  that  would 
arife  from  a  glafs  prifm  or  no,  he  could  not  tell,  till  it  fhould 
be  tried  in  a  more  correCt  manner,  and  with  glafs,  that  has  none, 
or  at  leaft  very  little  lead  in  it.  It  would,  however,  he  fays,  cer¬ 
tainly  tend  to  do  it,  if  it  was  not  fufficient  to  do  it  completely ; 
and  a  little  yellowifh  caft  in  the  liquor,  would  help,  by  abforb- 
ing  the  blue  rays,  to  diminifh  the  remaining  effeCt  of  the  glafs- 
prifm.  The  fines  of  incidence  and  reflexion  for  his  glafs  prifm 
were  as  94,  57  to  60  (93  to  60  being  about  the  ufual  proportion 
for  white  flint  glafs,  and  91  to  60  the  proportion  for  crown) 
which  made  him  think  there  was  a  great  deal  of  lead  in  it.  The 
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fines  of  incidence  and  reflexion  for  the  faccharum  faturni  and 
water  were  as  82  to  60  very  nearly. 

I  fhall  conclude  thefe  mifcellaneous  obfervations  with  mention¬ 
ing  two  circumftances  relating  to  the  light  of  candles  ;  one  of 
which  every  perfon  muft  have  obferved,  and  the  other  was  fhewn 
to  me  by  Dr.  Franklin.  The  lowed:  part  of  the  flame  of  a 
candle  is  always  blue  j  and  when  the  flame  is  fufficiently  elon¬ 
gated,  fo  as  to  be  juft  ready  to  fmoke,  the  tip  is  always  red. 
Doth  not  this  ftrengthen  the  conjecture,  that  red  light  confifts  of 
larger  particles  than  blue  ?  For  next  to  the  red  particles,  are 
thofe  of  the  grofs  vapour  which  is  not  ignited. 

Dr.  Franklin  fhewed  me  that  the  flames  of  two  candles 
joined  give  a  much  ftronger  light  than  both  of  them  feparate  ; 
as  is  made  very  evident  by  a  perfon  holding  the  two  candles  near 
his  face,  firft  feparate,  and  then  joined  in  one.  For  immediate¬ 
ly  upon  the  junction,  his  face  will  be  obferved  to  be  much  more 
ftrongly  illuminated  than  it  was  before.  It  is  conjectured  that 
the  union  of  the  two  flames  produces  a  greater  degree  of  heat , 
and  that  this  caufe  a  farther  attenuation  of  the  vapour,  and  a 
more  copious  emifiion  of  the  particles  of  which  light  confifts. 


An 


An  explanation  of  TECHNICAL  TERMS  MADE  USE 

OF  TO  EXPLAIN  THE  DOCTRINE  OF  VISION,.  LIGHT, 
AND  COLOURS. 


NAMORPHOSIS,  a  diflorted  image  of  an  objedl,  which 
is  faid  to  be  reformed ,  when  it  is  made  to  appear  like  the 
objedl,  by  means  of  a  mirror  of  any  particular  form. 

Angle  of  incidence .  The  angle  which  a  ray  of  light  makes 
with  a  perpendicular  to  that  point  of  the  furface  of  any  medium 
on  which  it  falls ;  though  it  is  fometimes  underflood  of  the 
angle  which  it  makes  with  the  furface  itfelf,  and  efpecially,  by 
M.Bouguer  in  his  Traited’Optique.  Thusin general  CDE,  Fig.  i, 
is  called  the  angle  of  incidence,  but  fometimes  the  angle,  CDA. 

Angle  of  refraction  now  generally  means  the  angle  which  a  ray 
of  light,  refradted  by  any  medium,  makes  with  a  perpendicular 
to  that  point  of  the  furface  on  which  it  was  incident  but  has 
fometimes  been  underflood  of  the  angle  which  it  makes  with 
the  furface  of  the  refradting  medium  itfelf.  Thus  IDH,  Fig.  i, 
is  properly  the  angle  of  refradtion,  though  BDH  has  been  fo 
termed. 

Bolognian  Pbofphorus,  a  foffil  fubflance,  found  in  the  neigh¬ 
bourhood  of  Bologna  in  Italy,  which,  after  calcination,  is  re¬ 
markable  for  its  property  of  imbibing  and  emitting  the  light  to 
_  which  it  has  been  expofed. 
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Camera  Obfcura ,  a  darkened  room,  or  place,  into  which  a 
beam  of  light  may  be  admitted,  through  a  fmall  aperture. 

Caujlic  Curves ,  curves  to  which  rays  of  light,  reflected  or  re¬ 
fracted  by  any  medium  bounded  by  curved  furfaces,  are  tangents. 

Corona ,  fee  Halo. 

Difperjion ,  the  feparation  of  the  differently  coloured  rays  from 
one  another,  which  was  found  by  Mr.  Dollond  not  to  depend  up¬ 
on  their  mean  refraction  ;  that  is  the  refraCtion  of  thofe  rays 
which  are  at  an  equal  diftance  from  the  moft  and  the  leaft  re¬ 
frangible. 

Focus ,  a  point  in  which  any  number  of  rays,  after  being  re¬ 
flected  or  refraCted,  meet. 

Halo,  or  Corona ,  a  luminous  circle,  generally  coloured,  appear¬ 
ing  fometimes  round  the  fun,  moon,  or  the  largeft  ftars  and 
planets.  . 

Ignis  FatuuSy  a  luminous  appearance,  which  is  fometimes  vi- 
fible  in  the  fields  in  a  dark  night,  and  vulgarly  called  Will  with 
a  wifp. 

hnage,  A  figure  in  the  form  of  any  objeCt,  made  by  the  rays 
of  light  bluing  from  the  feveral  points  of  it,  and  meeting  in  fo 
many  other  points,  either  at  the  bottom  of  the  eye,  on  any  other 
ground,  or  in  any  tranfparent  medium,  where  there  is  no  fur- 
face  to  refleCt  them.  Thus  we  are  faid  to  fee  all  objeCls  by 
means  of  their  images,  formed  in  the  eye. 

InfeBed  rays ,  thofe  rays  of  light  which,  on  their  near  ap- 

'  I  •  1  .  • 

proach  to  the  edges  of  bodies,  in  palling  by  them,  are  bent  out  of 
their  courfe,  being  turned  either  from  the  body  or  towards  it. 
This  property,  of  the  rays  of  light  is  generally  termed  dijJ'raBion 
by  foreigners,  and  Dr.  Hooke  fometimes  called  it  dejleBion. 
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Jjland  Cryjial,  -a  foil'll  fubftance,  fir  ft  found  in  Iceland,  re- 
*  » 

markable  for  its  property  of  a  double  refra&ion  of  the  rays  of 
light.  «'  1  T  - 

Lens,  a-riece  of  glafs,  or  any  other  tranfparent  fubftance,  the 
furfaces  of  which  are  fo  formed,  that  the  rays  of  light,  by  paf- 
iing  through  it,  are  made  to  change  their  direction,  either  tend¬ 
ing  to  meet  in  a  point  beyond  the  lens,  or  made  to  become  pa¬ 
rallel,  after  converging  or  diverging,  or  laftly  proceeding  as  if 
they  had  iftued  from  a  point  before  they  fell  upon  the  lens. 
Some  lenfes  are  convex ,  or  thicker  in  the  middle,  fome  micave , 
or  thinner  in  the  middle;  fome  piano  convex ,  or  piano  concave , 
that  is  with  one  fide  flat  and  the  other  convex  or  concave,  and 
fome  are  called  menifcufes ,  or  convex  on  one  fide,  and  concave  on 
the  other. 

Medium ,  any  fubftance,  through  which  light  is  tranfmitted. 

Micrometer ,  an  inftrument,  by  the  help  of  which  the  apparent 
magnitudes  of  objects,  viewed  through  telefcopes  or  microfcopes, 
are  meafured  with  great  exacftnefs. 

Microfcope ,  an  optical  inftrument,  confifting  of  lenfes,  or 
mirrors,  by  means  of  which  fmall  objedls  appear  larger  than 
they  do  to  the  naked  eye.  Single  microfcopes  confift  of  Angle 
lenfes,  or  mirrors;  or  if  more  lenfes  or  mirrors  be  made  ufe  of, 
they  only  ferve  to  throw  light  upon  the  objeift,  and  do  not  con¬ 
tribute  to  enlarge  the  image  of  it.  Double  microfcopes  are  thofe 
in  which  the  image  of  an  objedt  is  magnified  by  means  of  more 

f 

lenfes  or  mirrors  than  one. 

Mirror ,  a  furface  of  any  fubftance  from  which  the  rays  of 
light  are  reflected,  whether  it  be  planet  convex ,  or  concave.  If, 
after  reflexion,  the  rays  of  light  meet  in  a  point,  it  is  called  a 
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burning  mirror ,  becaufe  a  drong  heat  is  excited  by  the  rays  of 
light  in  that  place. 

Optic  Axis ,  the  axis  of  the  eye,  or  a  line  going  through  the 
middle  of  the  pupil,  and  the  center  of  the  eye. 

Optic  Angle ,  the  angle  which  the  optic  axes  of  both  eyes  make 
with  one  another,  as  they  tend  to  meet  at  fome  didance  before 
the  eyes. 

Parhelion ,  or  mock  fun,  a  part  of  the  heavens  drongly  illumi¬ 
nated  by  the  image  of  the  fun,  looking  like  another  fun,  but 

often  coloured,  and  drawn  out  to  a  confiderable  length,  in  the 

»  ~ 

form  of  a  tail. 

Parafelene ,  an  appearance  fimilar  to  the  parhelion,  but  made 

»».*  ^  ’  ...  i.  ...  .  H  '  i  --  -  ~  t-  • 

by  the  moon. 

Pencil  of  rays,  a  number  of  rays  iduing  from  a  point  of  an 
object,  and  diverging  in  the  form  of  a  cone. 

PerfpeBive ,  the  art  of  drawing  the  appearance  of  obje&s  by 
their  images,  on  a  plane,  convex,  or  concave  lurface. 

Plane  of  perpendicular  refraBion ,  in  Ifland  cry  dal,  that  which 
Mr.  Huygens  calls  the  principal feBion  of  the  cry  dal.  It  is  pe¬ 
culiar  to  this  plane,  and  its  parallels,  that  all  rays  incident  upon  it 
keep  within  the  fame  plane,  after  they  divide  within  the  cry  dal . 

Prifin,  a  piece  of  glafs,  or  any  other  tranfparent  fubdance, 
contained  under  three  plane  fides  ;  fo  that  the  rays  of  light 
tranfmitted  through  them  may  be  fo  refra&ed,  as  to  be  divided 
into  their  proper  colours,  and  diverge  from  one  another. 

Ray  of  light ,  a  term  which  is  now  generally  applied  to  the 
fm ailed  particle  into  which  any  quantity  of  light  is  divifible  ; 
but  often  has  been,  and  is  fometimes  dill  ufed  for  what  is  more 
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properly  called  a  beam  of  light,  or  a  fenfible  quantity,  admitted 
by  an  aperture  into  any  place. 

Reflected  Rays ,  thofe  rays  of  light,  which,  after  falling  upon 
any  body,  do  not  go  beyond  the  furface  of  it,  but  are  thrown 
back  again. 

Refratfed  rays ,  thofe  rays  of  light  which,  after  falling  upon 
any  medium,  enter  its  furface,  being  bent  either  towards  or  from 
a  perpendicular  to  the  point  on  which  they  fell. 

Speffirum,  the  coloured  image  of  the  fun,  made  by  light  tranf- 
mitted  through  a  prifm,  in  a  darkened  room. 

T’elefcope ,  an  optical  inftrument,  confiding  of  lenfes  or  mir¬ 
rors,  by  the  help  of  which  remote  obje&s  appear  larger,  and 
nearer  than  they  do  to  the  naked  eye. 
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Absorption  of  light,  416, 425,  434. 

Achromatic  telefcopes,  464. 

Accidental  colours,  631. 

Adams's  fmall  globules,  221. 

JEpinus,  parhelion  feen  by  him,  617  ;  on  ac¬ 
cidental  colours,  633  ;  a  particular  affedion 
of  his  eye,  663  ;  the  influence  of  one  eye 
upon  the  other,  672  ;  his  propofal  to  bend 
long  telefcopes,  73 9;  microfcope  for  opa¬ 
que  objefts,  743. 

Air,  its  refradive  power,  160. 

Alhazen,  17,  on  the  horizontal  moon,  709. 
Angle,  of  vifion.  the  fmalleft,  675. 

Antients,  their  opinions  concerning  vifion,  1  ; 
halo’s,  4  ;  the  rainbow,  5  ;  refradion,  6  ; 
colours,  7  ;  optical  inftruments,  13,  7 97. 
Aquapendente,  on  light  from  flefh,  563. 
Arehimedes' s  burning  mirrors,  120. 

Ariftotle ,  his  opinion  of  light,  Sec.  4. 
Atmofphere,  itsrefradive  power,  489. 

Auzout ,  his  lenfes  of  long  foci,  213;  his 
micrometers,  225. 

A  CON,  Roger,  23. 

-  Lord,  43. 

Baldwin's  phofphorus,  365. 

Barker's  refleding  microfcope,  739. 

Barrow  on  the  apparent  place  of  objeds,  203. 
Bartholin  on  Ifland  cry  Hal,  549. 

Beal  on  the  light  of  fifties,  570. 

Beccaria,  on  the  Bolognian  phofphorus,  365, 

374* 

Beccarius  on  the  Bolognian  phofphorus,  368, 
374;  on  the  pholades,  563;  ignis  fatuus, 
581. 

Beguelin  on  blue  fhadows*  441 ;  difperfion  of 
light,  469. 

Berkley  on  the  apparent  place  of  objeds,  688. 
Bernoullis,  on  the  caufe  of  refradion,  333; 
meafuring  the  bafe  of  the  optic  nerve,  80 z. 


Binocular  telefcope,  74. 

Black  explained,  127,  143. 

Bolognian  phofphorus,  3OO. 

Bonacurjius,  1  1 7. 

Bonzius,  380. 

Bor  go,  9 1 . 

Bofcovicb,  his  theory,  391  ;  of  the  fits  of  eafy 
reflexion,  308  ;  his  difficulty  with  refped  to 
the  theory  of  the  rainbow,  803. 

Bougucr's  double  cauftic,  233;  refledion  cf 
light,  405  ;  blue  fhadows,  440  ;  meafures 
of  light,  540;  rainbow,  591;  circles  in 
mift,  599  ;  apparent  place  of  objeds,  693, 
700  ;  micrometer,  747. 

Bcurzes,  571. 

Boyle  on  light  and  colours,  14;  lignum  ne- 
phriticum,  149;  thin  plates,  153;  light 
from  fifties,  564. 

Bradley  on  the  velocity  of  light,  794. 

Brahe,  83. 

Brandt,  584. 

Briggs,  663. 

Bruce,  85. 

Buffon's  burning  mirrors,  121;  on  refleded 
light,  409;  blue  fhadows,  438  ;  accidental 
colours,  631  ;  fquinting,  654. 

Burning  mirrors,  120,  228,  749;  known  to 
the  antients,  13  ;  will  not  fire  liquid  fub- 
ftances,  169,  453. 

ANDL  ES,  circles  round  them,  116; 
images  of  them  multiplied,  207  ;  ob- 
fervations  on  their  light,  807. 

Cat,  her  pupil  open  under  water,  197. 

Cat,  M.  Le,  on  the  choroides,  192;  optical 
deceptions,  527,  725. 

Came  lion,  129. 

Camera  oblcura,  34. 

Campani,  21 1  ;  his  microfcopes,  218. 

Canton ,  Mr.  on  the  Bolognian  phofphorus, 
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37*>  37?’  3S.5  ;  on  light  tranfmitted  tlirough 
tliick  and  thin  fubfiances,  434  ;  on  the  lu- 
mincufnefs  of  the  fea,  576. 

Capfula  of  the  cryftalline,  187. 

Caffcgrains  telefcope,  346,  798. 

CaJJini's  micrometer,  225. 

Cavallieri,  on  the  foci  of  lenfes,  67. 

CaujUc  curves,  231;  double,  233. 

Celflus  cn  a  rainbow,'  595. 

Chaulnes ,  the  Duke  de,  on  the  refractive  power 
cf  glafs,  4S7 ;  colours  of  thick  plates,  515. 

Cherub  in,  75. 

Cheffelden  couching  a  your.g  man,  725. 

Children  feeing  imperfectly,  187. 

Ch oroides,  whether  the  feat  of  vifion,  181. 

Gimento,  the  Academicians  of,  on  reflected 
light,  148;  velocity  of  light,  138. 

Cl  air  ant,  on  the  different  velocity,  403  ;  dif- 
perflon  of  light,  465. 

Chichto-orclus,  49. 

Clouds,  their  red  colour,  295,445. 

Colours,  opinions  of  the  antients,  7,  240;  in 
a  fpherical  glafs  veffel,  2  f  ;  true  and  appa¬ 
rent,  43  ;  their  connection  with  the  internal 
ftruCture  of  bodies,  141;  by  moon  light, 
143  ;  their  different  intenflty,  145;  Hooke’s 
hypothefis,  146;  De  la  Hire’s,  147;  their 
nature  difcovered  by  Newton,  256  ;  method 
of  compounding  them,  268  ;  of  natural  bo¬ 
dies,  275;  changed  by  light,  378,  380; 
accidental,  631  ;  by  different  mixtures,  759. 

Ccm'ajfes,  an  optical  deception  with  them,  670. 

Coniatt  of  bodies,  afcertained  by  the  reflexion 
of  light,  454. 

Coper-, :ic an  fyflem  proved  by  the  fucceflive  pro¬ 
pagation  of  light,  801. 

Corona,  See  Halo. 

Cov.rbes  a  la  lumiere,  752. 

Courtiajron,  402. 

Cox,  212. 


Cryjlal  Ifland,  548. 

Cryftalline,  the  ufe  of  it  difcovered,  3 1  ; 
thought  to  be  the  feat  of  vifion,  39  ;  Petit’s 
obfervations  cn  it,  184;  confifls  of  laminae, 
1  86. 

^ALEMBERT,  467. 

D‘Jrcy  on  the  imprefiion  of  light  on 
the  eye,  634. 

Dechales  on  refraCtion,  106  ;  halo’s,  602; 
parhelia,  620. 

Derham  of  the  ignis  fatuus,  580. 

Defagidiers,  his  defence  of  Newton,  351;  cn 
the  horizontal  moon,  710. 


De/cartes,  97;  law  of  refraClion,  103;  the 
rainbow,  107;  Vifion,  114;  telefcopes, 
119;  nature  of  light,  125;  colours,  127; 
halo,  601. 

Diamond  a  phofphorus,  366. 

Diopira  of  the  antients,  77. 

Diftance,  apparent,  of  objeCts,  205. 

Difperfion  of  the  rays  of  light,  456. 

Diasini,  211. 

Dollond  on  the  difperfion  of  light,  456  ;  tele- 
fcopes  with  fix  glaffes,  729;  micrometers, 
748. 

- Peter,  his  improvement  of  his  father’s 

telefcopes,  476. 

Dominis  De,  on  the  rainbow,  50. 

Dr  eh  ell,  56,  77. 

Du  Fay  on  the  Bolognian  phofphorus,  366. 

Du  Hamel  on  colours  changed  by  light,  378. 

Du  Tour,  on  the  colours  of  thin  plates,  510; 
infleCled  light,  531  ;  vifion  with  two  eyes, 
666. 


ECLIPSES,  obferved  by  images  on  white 
paper,  89. 

Edwards's  account  of  a  rainbow,  595. 
Epicureans,  their  notion  of  vifion,  6. 

Euler,  his  controverfy  with  Dollond,  457,  470; 
refraCtive  power  of  feveral  fluids,  477  ;  Ma¬ 
gic  lantern,  744. 

Eye  deferibed,  32;  obfervations  on  its  ftruc- 
ture,  183;  denfity  ofits  humours,  114;  ef- 
feCt  of  light  upon  it,  63  1  ;  how  it  conforms 
itfelf  to  the  view  of  objeCts  at  different  dis¬ 
tances,  638  ;  how  affeCted  by  age,  66c. 
Eyes,  inequality  in  their  goodnefs,  207. 

FERMAT’s  controverfy  withDefcartes,  105. 
Feuillee,  a  remarkable  phenomenon 
obferved  by  him,  618. 

Fits  of  cafy  reflexion  and  tranfmiflion,  306  ; 
Bofcovich’s  idea  of  them,  308 ;  Mr.  Mi- 
chell’s,  309. 

Flejh,  light  from  it,  563. 

Fletcher  on  the  rainbow',  50. 

Fontana,  59,  78. 


Funk,  or  light  in  mines,  455. 

GALEATIUS,  364. 

Galileo ,  his  conftruCtion  of  telefcopes, 
59  ;  velocity  of  light,  90. 

GaJJendi,  meafuring  of  fhadowsj  128;  on  ha¬ 
lo’s,  601. 

Gafcoigne's  micrometer,  223. 

Genfil,  his  account  of  a  rainbow,  596. 

Glafs,  its  fuperficial  colours,  156;  different 
dilperling  power,  463 ;  refraCtive  power 
-  -  meafured. 
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meafured,  488  ;  fpecific  gravities,  476. 

Globules  of  glafs,  ufed  for  microfcopes,  218. 

Gmelin's  fallacies  in  vifion,  7Z7, 

Gold,  viewed  '  by  reflected  and  tranfmitted 
light,  152. 

Gouye  on  the  horizontal  moon,  709. 

Graphical  perfpedtive,  749. 

Grey's  aerial  fpeculums,  209 ;  microfcopes, 
222. 

Gregory's  refledting  telefcope,  215. 

Grimaldi  on  prifmatic  colours,  1 67  ;  infledted 
light,  176. 

Guericke  Otto,  his  account  ofbluefhadows,  437. 
ADLEY’s  refledting  telefcopes,  732. 
Haller,  his  obfervation  on  the  feat  of 
vifion,  794. 

Halley  on  the  rainbow,  589. 

Halo's  opinions  of  the  antients,  4,  15;  de- 
feribed,  596;  explained,  601. 

Hartley  on  the  effedl  of  light  on  the  eye,  658; 
fingle  vifion  with  two  eyes,  668  coloured 
fpedtrum,  767. 

Hartfocker's  telefcopes  without  tubes,  213; 
globules,  218. 

Haukfiee's  table  of  refradtive  powers,  164, 
481. 

Heat,  its  effect  on  the  Bolognian  phofphorus, 
373  ;  occafioned  by  the  reflexion  of  light, 
449. 

Hey ,  Mr.  his  obfervations  relating  to  the  feat 
of  vifion,  793  ;  impreflion  of  light  upon  the 
eye.  803. 

Hire  De  la,  on  colour,  147  ;  feat  of  vifion, 
X96  ;  various  obfervations  concerning  vifion, 
207  ;  effedt  of  light  on  the  eye,  633  ;  con¬ 
formation  of  the  eye,  639. 

Hoe/en's  burning  mirror,  122. 

Homberg  on  the  intenfity  of  different  colours, 
145  ;  momentum  of  light,  385. 

Hooke's  hypothefis  concerning  colour,  1 4.6  ; 
inflexion  of  light,  172;  oppofition  to  New¬ 
ton,  349. 

Horizontal  moon,  account  of  it  by  Ptolemy, 
16  :  Alhazen,  19,  709;  Vitellio,  20;  Gaf- 
fendi,  116;  Hobbes,  709;  Defaguliers, 
710  ;  Smith,  71 1. 

Huygens's  telefcopes  without  tubes,  213;  mi¬ 
crometer,  224;  Ifland  cryftal,  551  ;  halo’s, 
603  ;  Parhelia,  620. 

C  E,  its  refradtive  power,  160  ;  in  the  form 
of  a  lens,  170. 


Ignis  fatuus,  5.80. 

Image,  pendulous,  45  ;  on  the  retina,  85  ; 
folar,  266  ;  multiplied,  683. 

Inflammable  liquids,  not  fired  by  a  burning 
mirror,  169,  453. 

Inflexion  of  light,  obferved  by  Hooke,  172; 
Grimaldi,  176;  Newton,  317  ;  Maraldi, 
521  ;  Du  Tour,  531  ;  a  phenomenon  of 
vifion  explained  by  it,  537,  539. 

Inflruments,  optical,  118,  210,  729. 

A  N  S  E  N  the  inventor  of  telefcopes,  57. 
Jurin,  on  the  conformation  of  the  eye  to 
different  diftances,  649  ;  fquinting,  653  ; 
change  of  the  eye  by  age,  660  ;  different 
brightnefs  of  objects  with  one  eye  or  both, 
665  ;  an  optical  deception,  671  ;  indiftindt 
vifion,  673;  on  Molyneux’s  problem,  720. 
EPLER,  his  merit  with  refpect  to  telef¬ 
copes,  64  ;  Mifcellaneous  difeoveries, 
82. 

Kircher,  99  ;  his  burning  mirrors,  I  2 1  ;  ma¬ 
gic  lantern,  122;  and  other  inflruments, 

123. 

Kli  ngenftierna ,  458. 

Kraft,  694. 

Kunckel,  585. 

AMBERT,  on  the  refradlion  of  the  at- 
mofphere,  489. 

Langavith,  on  a  feries  of  rainbows,  590  ;  ano¬ 
ther  lying  on  the  ground,  593. 

Larifsacus,  Heliodorus,  15. 

Leeu-vcenhoeck  on  the  cryftalline,  186  ;  micro¬ 
fcopes,  218. 

Leibnitz,  his  account  of  refradtion,  332. 

Lemery,  on  the  Bolognian  phofphorus,  363. 

Lenfes,  their  ufe  in  vifion,  31,41  ;  explained, 
65  ;  of  long  foci,  212. 

Leopold,  95. 

Lieberkhun' s  folar  miferofeope,  741  ;  for 
opaque  objedts,  742. 

Light,  propagated  in  right  lines,  2  ;  whether 
tranfmitted  inftantaneoufly,  42  its  effedt 
upon  the  eye,  1 17  ;  a  real  fubftance,  359  ; 
360  ;  retained  in  bodies,  360  ;  expelled  by 
heat,  373  ;  makes  a  change  in  bodies,  378  ; 
its  fubtilty  and  momentum,  383  ;  velocity, 
138,  394;  loft  by  refledlion,  407,  409  ; 
in  tranfpaient.fubftances,  423  ;  abforbed, 
416,  425,  434  ;  the  degrees  of  it  meafured, 
540  ;  its  intenfity  and  quantity  compared, 
543  j  of  different  colours,  756;  a  calcula- 
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tlon  cf  the  force  by  which  it  is  emitted  from 

luminous  bodies,  786. 

Lignum  nephriticum  ,  130,  149,  278. 

Limit  of  diftintt  <viJion  explained,  650,  Note. 

LipperJhcim ,  a  maker  of  telefcopes,  58. 

Lowthorp ,  on  the  refradlive  power  of  the  air, 

1  fc.o.  , 

AC  FAIT’s  account  of  a  rainbow  in 
the  mill,  600. 

Magic  lantern,  122;  explained,  123;  by  re¬ 
medied  light,  744. 

Magnifying  power  of  glades  by  the  antients,  7; 
of  a  Iphericai  fegment,  19,  24. 

Mairan  on  the  caufe  of  refradtion,  333  ;  mo¬ 
mentum  of  light,  386  ;  his  refledtoire,  752. 

Maraldiuan  infledted  light,  521. 

Mallet'’ s  account  of  a  Parhelion,  629. 

Margraof  cn  the  Bolognian  phofphorus,  375. 

Marrictte,  on  the  feat  of  vifion,  189;  oppofi- 
tion  to  Newton,  350  ;  halo’s,  607. 

M  arflius  on  the  Bolognian  phofphorus,  362. 

Martin,  Ant.  on  the  light  of  hikes,  575. 

-  Benjamin ,  fpecihc  gravity  of  glafs, 

476  ;  Ifland  cryhal,  557;  microfcope  for 
opaque  objedts,  744;  Graphical  perfpec- 
tive,  749. 

Matter,  the  theory  of  its  penetrability,  392, 
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Maupertuis  on  the  caufe  of  refradtion,  334. 

Maurolycus,  3  i . 

Mazeas  cn  blue  fhadows,  439  ;  thin  plates, 
499. 

Melville's  anfwer  to  Euler,  359  ;  fubtilty  of 
light,  383  ;  velocity  of  it,  401  ;  blue  fha- 
dovvs,  440  ;  heat  by^reflexion,  449  ;  twink¬ 
ling  of  the  liars,  497  ;  thin  plates,  514;  op¬ 
tical  deception,  725;  differently  coloured 
light,  756. 

Membrana  pupillaris,  188. 

Merklein,  glafs  for  inflruments,  746. 

Mery,  his  experiment  on  a  cat,  197. 

Metius,  James,  56. 

Meyer,  on  the  angle  of  vifion,  682. 

Michell,  Mr.  his  obfervations  concerning  the 
feat  of  vifion,  198;  account  of  the  fits  of 
eafy  reflexion  and  tranfmiffion,  309;  expe¬ 
riment  to  afeertain  the  momentum  of  light, 
and  the  quantity  of  the  diminution  of  the 
fun,  387  ;  remarks  concerning  the  penetra¬ 
bility  of  matter,  392;  of  the  twinkling  of 
the  flars,  49  4  ;  his  comparifon  of  the  light 


of  the  fun  and  moon,  347  ;  of  indiftinct 
vifion  by  means  of  a  fmall  pencil,  784  ;  of 
the  force  with  which  light  is  emitted  from 
bodies,  786  ;  of  Caffegrain’s  telefcope,  796; 
on  the  refradlive  power  of  wa  ter  tinged  with 
Saccharum  Saturni  ,804. 

Micrometers,  222 ;  with  two  objedl  glaffes,  747. 
Microfcopes,  78;  for  opaque  objedts,  220,  742; 

by  Divini,  218;  reflecting,  729;  folar,  741 ; 
Mines,  light  in  them,  455. 

Mift,  objedts  feen  larger  through  them,  206. 
Mock- fun,  fee  parhelion. 

Molyneux  on  the  horizontal  moon,  709  ;  pro¬ 
blem  concerning  vifion,  720. 

Mcntucla  on  the  apparent  place  of  objedts,  691. 
Moon  in  eclipfes,  85,  88  ;  its  light  compared 
with  that  of  the  fun,  544. 

Motion,  apparent,  704. 

Motte,  on  a  multiplicity  of  images,  686. 
Mountains ,  their  obferved  height  corredted,  166, 

4 89- 

Murdock,  his  objedtions  to  Mr.  Dollond’s  dis¬ 
covery,  474. 

Mufchenbroeck,  on  the  velocity  of  light,  404  5 
light  intercepted  by  coloured  mediums,  432; 
twinkling  of  the  flars,  498  ;  thin  plates, 
512  ;  infledted  light,  539  ;  halo’s,  61  3  ; 
a  parhelion  feen  by  him,  615  ;  conforma¬ 
tion  of  the  eye,  652  ;  on  light  of  different 
colours,  758;  colour  of  different  mixture  s. 

ib. 

Mafcovy  Glafs,  156. 

Mufcal  cl.  ord,  divided  like  the  image  of  the 
fun,  2 66. 

ETTLETON,  on  the  refradtion  of  the 
atmofphere,  491. 

Newton,  238;  on  the  refrangibility  of  light, 
242;  colours,  256  the  rainbow,  274;  thin 
plates,  279  ;  thick  plates,  31 1  ;  halo’s,  609. 
Nollet’ s  attempts  to  fire  liquid  inflammable  fub- 
flances,  453  ;  on  the  luminoufnefs  of  the 
fea,  573. 

ARHELIA,  opinions  of  the  antients  con¬ 
cerning  them,  5  ;  fadts  relating  to  them, 
613;  hypothefes,  619. 

Phofphorus,  light  from  it,  584. 

Peccam,  23. 

Pemberton  on  the  rainbow,  592. 

Pequet,  1 94. 

P erfpedlive,  91. 

Petit  on  the  eye,  183. 
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Pholades,  light  from  them,  566. 

Picard ,  1 9 1 . 

Place, *  apparent,  of  objects,  89,  203,  688. 

Plates  of  glafis,  their  parallelifm  tried,  234. 

■■  thin ,  their  colours  obferved  by  Mr. 
Boyle,  15;  Hooke,  154;  Newton,  279; 
Mazeas,  499;  Du  Tour,  510  ;  Mufchen- 
broeck,  512;  Melville,  574;  Benvenuti, 
803. 

—  thick,  their  colours  obferved  by  Newton, 

3 1 1  ;  the  Due  du  Chaulnes,  515. 

Porta,  J.  B.  34. 

Porterfield,  on  the  conformation  of  the  eye, 
641  ;  apparent  diliance,  694 ;  motion,  704; 
feat  of  vifion,  793. 

Prifim,  its  effects  obferved,  1 67  ;  explained, 
270,  273. 

Ptolemy,  1 6.  / 

Pupil ,  contracts  with  a  ftrong  light,  39,  804  ; 
to  view  near  objects,  112. 

Putreficent  fiuhfiances,  light  from  them,  562. 
ADIATION  of  a  candle,  181. 

Rainbow,  opinions  of  the  antients  con 
cerning  it,  5  ;  of  Vitellio,  20  ;  the  primary 
one  explained,  50,  52  ;  the  fecondary  bow, 

1 07  ;  explained  by  Newton,  274;  various 
obiervations  on  it,  588  ;  on  the  ground,  593  ; 
inverted,  594 ;  -interfering  another,  595; 
in  a  mill,  650. 

Reaumur  on  light  from  fifties,  567. 

Reflecting  teleficope,  215;  Hooke’s,  217;  New¬ 
ton’s,  343  ;  explained,  733. 

Reflexion,  its  law,  2,  3  ;  cafes  of  it  explained, 
it;  the  caufe  of  it,  297,  301,  330;  Bou- 
guer’s  obfervations  concerning  it,  405  ; 
light  loft  by  it,  409;  caufes  heat,  449. 

RefieSloire ,  752. 

Reformation’ of  images,  -93. 

RefraSlion ,  obferved  by  the  antients,  6  ;  ex¬ 
plained,  9  ;  obferved  by  Alhazen,  18  ;  the 
law  of  it,  82,  100  ;  meafured,  101  ;  con 
troverfy  about  the  caufe  of  it,  105  ;  its  true 
caufe,  301,  330. 

RcflraSlive  power,  of  the  atmofphere,  t  6  ;  of 
oil  and  other  fubftances,  159;  by  Hauklbee, 
164;  by  Newton,  302  ;  its  proportion,  505  ; 
meafured,  335  ;  by  Mr.  Euler,  477. 

Refrangibility  of  light,  242. 

Reid  on  fquinting,  658  ;  fmgle  vifion  with 
two  eyes,  665.  < 

Retina,  images  upon  it,  S6. 

Rheita,  75. 


Rizetti,  351. 

Robins,  on  a  multiplicity  of  images,  684  ;  ap¬ 
parent  place  of  objeCts,  689  ;  horizontal 
moon,  713. 

Roemer,  on  the  velocity  of  light,  138. 

Roi  Lc,  on  the  luminoufnefs  of  the  fea,  574; 
conformation  of  the  eye,  641. 

Roman  phenomenon,  618. 

Rothman's  controverfy  with  T.  Brahe,  84. 
AVERY’s  micrometer,  747. 

Scheiner,  his  merit  with  refpedt  to  teles¬ 
copes,  72;  difeoveries  in  vifion,  112. 

Schulze,  379. 

1 Sea,  its  luminoufnefs,  569. 

Seneca,  1 4. 

Shadows  meafured,  128;  blue,  436. 

Shaw's  account  of  an  ignis  fatuus,  5 S3. 

Short's  reflecting  telefcopes,  734. 

Shortfightcdnefis  explained,  31,86. 

Silver,  its  colour  changed  by  light,  379. 

Sky,  the  colour  of  it,  430,  436. 

Slare  on  phofphorus,  585. 

Snellius,  102. 

Smith,  his  rules  refpedting  telefcopes  and  mi- 
crofcopes,  80  ;  companion  of  the  light  of 
the  fun  and  moon,  546;  optical  deceptions 
6 69  :  apparent  place  of  objedts,  689  ;  ho¬ 
rizontal  moon,  71 1  ;  reflecting  microfeope, 
740;  apparent  fli apes  of  objects,  75  3-. 

—  Caleb,  his  attempt  to  improve  telef¬ 
copes,  732. 

■ Spectacles,  19,  25. 

Spina,  Alexander,  20. 

Spots,  dark  ones  floating  before  the  eye,  20S. 

Squinting,  652. 

Stars,  vifible  in  a* deep  well,  158. 

Steel,  colours  of  it,  141. 

Sun,  the  image  of  it- being  round  through  an 
angular  hole,  3  4,  37  ;  viewed  in  a  Camera 
Obfcura,  119;  oblong  image,  5  67  ;  viewed 
without  injury  to  the  eyes,  227;  its  light 
compared  with  that  of  the  moon,  546. 

Sweat,  phofphoraceous,  587. 

ELESCOPES,  thedifeovery  of  them,  28, 
56  ;  rationale  of  them  explained,  69  ; 
without  tubes,  213;  Newton’s  improve¬ 
ments  in  them,  339,  equatorial,  737. 

Torre,  of  Naples,  h;s  globules,  445. 

Transparent  fubftances,  intercepting  the  light, 

423* 

Tfchirnhaufen  s  burning  mirrors,  229;  cauftic 
curves,  231. 

5  II  Twink- 
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'  Twinkling  of  the  ftars,  Alhftzen’s  opinion  con¬ 
cerning  it,  1 8,  zo;  Dr.  Hooke’s,  167; 
Mr.  Michell’s,  414;  and  others,  496. 

VELOCITY  of  light  attempted  to  be  dif- 
covered  by  Galileo,  90 ;  the  members 
of  the  academy  del  Cimento,  138;  difco- 
vered  by  Roemer,  139;  by  Bradley,  394; 
whether  different  in  rays  of  different  colours, 
401. 

Villette'%  burning  mirrors,  229. 


yitellio,  20. 

Vifion ,  whether  performed  by  emifiion  or  in- 
tromiffion,  1,  15,  23,  38,  53;  explained  by 
the  Camera  Obfcura,  37  ;  at  different  dis¬ 
tances,  87,  638  ;  fingle  with  two  eyes,  17, 
117,  663;  the  feat  of  it,  189,792;  vari¬ 
ous  obfervations  concerning  it,  630 ;  in- 


diltinCt,  673,  784;  fallacies  in  it,  71.9. 

ULBALDI’s  improvements  in  perfpec- 
tive,  92. 

ALES  Mr,  a  parhelion  feen  by  him, 

Weidler  on  halo’s,  607. 

Wcitbricht  on  the  contraction  of  the  pupil, 
637. 

White  and  black  explained  by  Defcartes,  127  ; 

by  Mr.  Boyle,  143,  by  Newton,  258. 
Whytt  Dr.  on  the  contraction  of  the  pupil,  636, 

678. 

Wilforis  microfcope,  221. 

ZANOTTUS  ontheBolognian  phofphorus, 
361. 

Zeiher  on  the  difperfion  of  light,  47 1  ;  hie 
burning  mirrors,  749, 
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Kj?  The  firft  number  ejtpreffes  the  year  of  our  Lord,  and  the  fecond  the  perfon’s  age.  d.  fignifies  died, 

and  Jl.  JlouriJhed, 


Alhazen  fl.  1072. 

R.  Bacon  d.  1292.  78. 
Barrow  d.  1677.  46. 

E.  Bartholin  born  1625 
Borgo  fl.  1500. 

Bouguer  d.  1756.  60. 

Boyle  d.  1691.  65. 

Bradley  d.  1762.  70. 

T.  Brahe  d.  1601.  55. 

Brandt  fl.  1 677. 

Campani  d.  af.  1678. 
Clairaut  d.  1765.  53 
Defcartes  d.  1650.  54. 
De  Dominis  d.  1625,  64 
Pollond  d.  1761.  54 
De  la  Hire  d.  1718.  78 

Du  Fay  4.  172B,  47. 


Galileo  d.  1742.  78 

Gafcoigne  d.  about  1645 
J.  Gregory  d.  1675.  35 

Grimaldi  d.  1666 
Hadley  d.  1743.  61 

Haukfbee  d,  1713 
Hooke  d.  1703.  67 

Huygens  d.  1695.  66 

Janfen  fl.  1590 
Jurin  d.  1749,  about  70 
Kepler  d.  1630.  58 

Kircher  d.  1680.  79 

Leeuwenhoeck  d.  1723.  91. 
Lieberkhun  d.  1757.  45 
Maraldi  d.  1729.  64 
Marriotte  d.  1684 
Maurolycus  d.  1575.  81 


Melville  d.  1753.  27 
Muflchenbroeck  d.  1761.  69 
Newton  d.  1727.  85 
Peccam  fl.  1250 
Petit  d.  1741.  77 

B.  Porta  d.  1615 
Porterfield  d.  1 768.  about  70. 
Rheita  fl.  1620 
Roemer  d.  1710 
S.  Savery  d.  after  1743 
Scheiner  d.  1654.  89 
Short  d.  1768.  58 
Snellius  d.  1626.  35 
Smith  d.  1768.  78 
Tfchirnhaufen  d.  1708.  C7 
Vitellio  fl.  1269 
Ulbaldi  fl.  1577 
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